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Abstract

Redox interaction of catechol, hydroquinone andn@sol has been investigated in
different pH (3-9) media using acetate buffer, gitade buffer and in only supporting
electrolyte containing KCI media at platinum (Rg)assy carbon (GC) and gold (Au)
electrode. The study has been carried out usinlicoyoltammetry (CV) and differential
pulse voltammetry (DPV) techniques at various seées and various concentrations. The
results suggest that the all three electrodes @gHilan excellent electrocatalytic effect on
the redox behaviors of the dihydroxybenzene isom@asechol and hydroquinone show
one pair of redox peaks in buffer solution of pldtiGC and Pt electrode. But catechol and
hydroquinone show two pairs of redox peaks at Aectebde at different pH. In KCI
media, catechol and hydroquinone also shows tws pdipeaks at GC and Pt electrode.
Resorcinol shows irreversible anodic peak at GCtedde but it shows quasi-reversible
voltammogram in Pt and Au electrodes in all eldgtro media. The electrochemical
process in all the isomers was controlled by diffagprocess.

The electrochemical behavior of catechol, resofcara hydroquinone in presence of
sulfanilic acid has been studied by cyclic voltannmpnand differential pulse voltammetry
using glassy carbon (GC), gold (Au) and platinunt) (Electrodes. Voltammetric
appearance reflected that sulfanilic acid has beemed adduct with catechol and
hydroquinone. But no reaction has been occurreddsst sulfanilic acid and resorcinol.
The peak position of the redox couple is also fotmébe dependent upon pH. Electron
transfer is most favorable in neutral media. Tiopas of the peak potential, & pH plot
was determined graphically as the anodic peaklofdioxybenzene isomers or adducts at

0.1V/s at different electrode. The value of slopeciose to the theoretical value (60

\'



mV/pH) for one-electron, one-proton transfer precebnhis indicates that the oxidation
reaction of dihydroxybenzene isomers proceeded théa 1€/1H" process. This also
suggests that during the reaction not only elechohalso proton are released from the
oxidation of dihydroxybenzene isomers.

Among the dihydroxybenzene isomers, the electramster of hydroquinone is easier than
the catechol and catechol is easier than the resbrds -OH sites in resorcinol are
connected viameta linkage, so the electron transfer raéta position is unfavorable
(electron deficiency) to that atpara (hydroquinone) oortho (catechol) —position. The
interaction energy of catechol and hydroquinone&K@ media are 37.63J and 38.60J
respectively. So the extent of delocalization ofarge through phenyl ring of
hydroquinone is higher than the catechol. Resofghows only one anodic peak, -OH
sites in resorcinol are connected \i®ta linkage, so the electron transfer meta
position is unfavorable due to the deficiency cdoton. The redox interactions of the

dihydroxybenzene isomers are media dependent.

Vi
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1.1 Overview of redox interactions

The electrochemical behavior of multielectronic duonal materials which contain
several electroactive sites has been the subjecd ofumber of studies [1-2]. The
differences in formal potentia(AE®) of successive one electron systems commonly
depend upon the extent of redox interaction betwesslox sites despite interpretive
ambiguities [3, 4]. Sometimes it depends upon gblaeameters such as solvation changes,
ion pairing and structural changes of the molebleWhen a compound containing two
redox sites has a well defined redox state, AB& corresponds to difference in the
interaction energy [6]. The electronic communicatietween the redox sites takes place
through a conjugated molecular bridge. The comnatitio is manifested as a mixed-
valence (MV) state or an intervalence transfer g&@hdThe mixed-valence state has been
demonstrated by the appearance of a new energy ievelectrochemical current —
potential curves or the appearance of a new banlemear —IR spectrum [8, 9]. The
properties of MV systems were elaborated by Hustigusemiclassical formalism [10]. It
can be characterized thermodynamically by comptapwation constant or stability
constant [8, 11].

In the absence of significant molecular reorgaimmabr solvation changes, when two
redox centers are connected with sigma bondshesokidation state of one site is not
affected by other sites the potential separatioeqsal to 35.6 mV for 298 K [12]. The

Nernstian voltammetric wave which results from sackituation has the shape of a one-
electron transfer reaction, although more than eleetron is transferred in the overall

reaction. On the electroreduction of poly-2-vinyttalene and poly-9-vinylanthracene,
evidence was presented for multi electron tran@iprto 1200 electrons per molecule),
producing voltammetric waves with the overall shapeone-electron transfer reactions

[13]. A theoretical analysis of the expected curmotential characteristics for multiple
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electron transfers to a molecule containing any lmemof non interacting redox centres
has been carried out [14]. The statistical factangech governed the behavior of a current-
potential response with Nernstian systems havehallcharacteristics of a one electron
transfer reaction except for the large limitingreunt.

In contrast, when redox centres are connected mitbnjugated linkers, they often take
mixed —valence states owing to delocalization af tedox charge, exemplified by
dinuclar-metal complexes [15, 16] and arylamineivdgives [17-18]. Generally, an-
redox polymer or oligomer connected with conjugated linkers, seems to takeedox
states exhibitingn voltammetric waves unless there is any overlapafes. The statistical
mechanical calculation for a linearly conjugatecedox species has demonstrated that the
voltammogram has three waves for an odd number arfid four for even number of
[19]. However, linear complexes withferocenyl centers showvoltmmetric waves fon

< 6 owing to the long —distant interaction [20].

Since intervalence states vary with multi-redoxestaor various kinds of mixed-valence
species, electrochemical study has played a watalin controlling accurately intervalence
states by electrode potential. Geometrically sytmmeredox sites have exhibited
asymmetric voltammetric behavior in a complicateghmer [21, 22]. If detailed potential-
dependence of number of electron transfarg available it is possible to evaluate the
cause of asymmetric reactions. Therefore, it isesg&ry to obtain accurate potential
dependence on. Determination ofn has often carried out with the bulk electrolysis.
However, the bulk electrolysis has difficulties less controllable potential, chemical
complications for a long electrolysis, and mixinghasolution in a counter electrode cell.

Materials based on dihydroxybenzene have been @xtyn studied due to their

interesting physical, electrochemical and photodbamproperties as well as facile
synthesis and process, environmental stability &owl cost [23-27]. Besides these
interesting electronic properties, there has beensiderable interest in the redox
interactions between the active sites of these dildyybenzene with electron transfer

number.
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1.2 Multi-step chargetransfer reaction

Here, we will discuss the theoretical aspects ef iiultistep charge transfer reversible

reactions:
1.2.1 ErEr Reactions (Reversibletypetwo electron transfer reactions)

We consider cases in which there are two (or mbeterogeneous electron-transfer

reactions.
A+e= B --E%Y
AE°=E% — B (1-2-1)
B+e= C -E%

Let us consider the voltammetric behavior for tkituation. The appearance of the
voltammogram depends upon the location of the stahgotentialsE% and E%, and the

spacing between thefE°= E%, — E°;.

The voltammograms behave as independent revers

waves for certain minimum potential separating®.

asr

A theoretical polarogram was calculated for a posén oo

=05k

separatiom\E® of - 180 mV as shown in Figure 1-2-:

AN
W
}H“'

Curve A. As the potential separation between -

CURRENT FUNCTION

successive reductions becomes less than aboutnl(

| !

mV the individual waves merge into one bro: O%& J{>
_ \ |
Y

distorted wave whose peak height and shape are 03

longer characteristic of a reversible wave (Curye e we

(E- EDn, mv.

polarograrms for casel& reaction
A.AE°=-180 mV CAE°=0mV

reduced at the same potenti&dE®= 0 (and assuming B. AE°=-90 mV D.AE°= 180 mV

wave. For the particular case when bothaAd Bare

that n and n, are both unity) the wave observed

(Curve C) has a peak heigintermediate between a

one-electron an@ two-electron reversible wave, aig — Ei2 is about 21 mv. As B
becomesasier to reduce than A, the wave height increasdshe peak narrows until it
reaches the height and shapeadfvo-electron wave(Curv@). That is, the height of the
two electronwave is 2 times the heighof the corresponding single electron reversible
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wave,AE, is 29 mV,and the reaction behaves as a dir
reduction of Ato C. Under these conditions, the workin 140

curves in Figure 1-2-2 can be employed to estinid

AE, (V)
288
T T T 711
\

60 58 mV
It's instructive to consider the chemical and sl - —

0 1 | |
factors that affectAE?. When the successive electrc - e "

transfers involve a single molecular orbital, aral large
Fig. 1-2-2: AEp vs AE° for the EE
structural changes occur upon electron transfem thne reaction scheme. The discontinuity in the

curve at negative value o&E° occurs

expects two-well spaced waves=<< -125 mV). when two waves are resolved

Whenever an [E: reaction takes place, one must consider the pbssilof a
comproportionation and disproportionation equililoni also developing in the solution

near the electrode,

Where AE® = E°-E;°

The electrode potential is expressed as Nernstiequar half reactions for eqn (1-2-1)

E1 = E° + (RTF) In [A)/[B]

E> = E° + (RTF) In [B]/[C]

The relation of the concentrations of A and C tatBequilibrium is expressed by the
comproportionation constarKc,

Where,

A+ C = 2B Kc=[BIY/[AIC]=exp [(E-E°)F/RT]  (1-2-2)

logKc = 16.9AE° at 298 K (BP
The extent of the reaction, as measured by thdilegum constantKc is governed by
AE°,
If the diffusion coefficients of oxidized speciesdareduced species are roughly equal,
then it is assumed th&t = E1/2 [8].
The equation 1-2-3 becomes,
log K¢ = 16.9AE12 at 298 K -24)
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Typically, cyclic voltammetry has been used to abtAEi». If the difference in the
interaction energy at the para-positiopof MPA is estimated only from the difference in
the half wave potentials, we have

u,'=F[(E,), - (E),.]12 (1-2-5)

For the case of a molecule with two sites, it igural to divide the sites into three classes
based on the value &ic:

Kc = 4: This is totally a noninteracting case, i.be txidation state of one site is
not affected by the oxidation state of the otheferEthough the two sites have the same
microscopic redox potentials, notice thdf){. and €2)12, which are macroscopic
properties, are not equal but are separated by6.93 This separation is due to statistics
and has been observed for certain polyferrocergs [1

Kc < 4: This implies that the second electron isezas add than the firsfEi»
< 0.0356 V, and that the mixed valence moleculeRex, will be unstable with respect to
disproportionation. If both sites in the molecul® dot change geometrically or
chemically, it is unlikely that this case will oachecause charge should be sequentially
more difficult to add. In the situations where tbése occurs, addition of the first electron
is usually followed by some process such as borehKing, rotation about a bond,
protonation or structural change [28]. The procamsses the second site to be easier to
reduce than the first.

Kc > 4: In this case the second electron is more diffitoladd than the first,
AEy2 > 0.0356 V, and Ox-Red is stable. This situat®miost common and is observed,
for example, in many ruthenium complexes certaiarkncenes arylamines [29-34].
Comproportionation constankc. can be measured in two ways as spectroscopicglly b
titration method and electrochemically by pulsecyelic voltammetric method. Sutton et
al asserted that spectroscopic method is morebtelihan pulse or cyclic voltammetric
method because if the valuekd is not more than 10 it can not be measured by CV
method. In contrast Richardson et al [8] determitiedcomproportionation constamic
by using the pulse and cyclic voltammetry technigae a peak separation valuAE®.
With this method, values dfc accurate ta 5% were obtained in the range<4Kc < ca.
200 (36 mV <AE° < 136 mV). For an accurate spectroscopic titrasibspecies involved
in equilibrium must be soluble and stable overtihee required [(B0-60 min), and there

must be an isolated absorption band characteridtia single species. Therefore the
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strategy of spectroscopic titration that Sutton agétused for the determination of

comproportionation constan{, is not always applicable.

1.3 Factorsaffecting of AE12

The fundamental importance of multi-step electn@amsfer processes is widely recognized
and the main factors influencing tiAd=;,> values for the interaction between the redox
sites of successive electron transfer processss €g 1-2-1) [35-47] have discussed.
Another important factor, namely, the effect of thelvent/ electrolyte medium and
structural effect will be discussed in this sectidnvery large decreases &k values
may occur when the supporting electrolyte catioohianged from weakly to strongly ion
pairing and a lower-polarity solvent (dielectricnstant, & of about 10 or less) is

employed.

1.3.1 Roleof electrolyte anion

After oxidation of species in electrolyte system&;» comes about because the first
oxidation potential is almost unaffected by theesof the supporting electrolyte anion
whereas the second oxidation potential moves tcerpositive values as the counterion
becomes bigger. The dications ion-pairing are muoure stronger than monocation
because of the dependence of electrostatic atiractn charge.The CVs of
bis(fulvalene)dinickel in CkCl> (Figure 1-3-1) are good example diEi» increasing
from 273 mV (A = CI) to 480 mV (A =[PF6]) to 753 mV (A = TFAB) [31]. Switching

A" from CI to TFAB results in an overall change of 480 m\AH .. This is explained by
an electrostatic model in which the greater positliarge of the dication accentuates ion-
pairing effects, which decrease owing to chargsite-ratios in the order Ck [PF] >
TFAB. The high degree of charge delocalizationaigé size anions makes not only weak

nucleophiles but also weakly ion pairing.



I ntroduction Chapter |

1.3.2 Role of solvent donor/acceptor properties

The effect of the medium ohEy» is a complex function of solvent-solute and iofripg
interactions. The most important solvent paramet

are dielectric constant), dipole moment(), donor -

[Bu,N|CI

number (DN), and acceptor number (AN). TI

lower-polarity € < 10) solvent facilitates ion pairing S

not only through simple tight ion pairs but als
through formation of triple ions and even high

[Bu NJ[B{C,Fo),|

aggregates and clusters. A second important as
of solvent polarity is the relationship @&fto free

energies of solvation. On the basis of the Bc

0.4 0 -0.4 0.8
Volt va. Fc*iFc

equation, a lower-polarity solvent is expected 10

more weakly solvate charged electrode producisg 1.3.1: cv scans at 0.1 V/s

of bis(fulvalene)dinickein CHxCly,
0.1 M [BwN]CI, [BusN][PFe],

electron couples. Qualitatively this comparisofr [BuN][B(CeFs)4].

leading to an increase iAAE;> for successive one

shows the dominance of solvation in high polari*- o

solvents and of ion pairing in low- polarity sol¥en

Nitromethane
DMS0

There is a significant correlation, however A/,

300

of bis(fulvalene)dinickel with solventacceptor

AE,, (mV)

(AN CH.CL, o
Acetone

strength when [NB4]CI is the electrolyte, owing to
the strong ion-pairing ability of chloride (Figuie3-

& CHCL,

200

2). The increase ofAEi is attributed to increaset 5 10 15 2

Solvent Aceeptor Number (AN)
solvation of chloride, thereby decreasing ion-payri
effects. Fig. 1-3-2: Correlation between
the measuredAE;, value of
bis(fulvalene)dinickelin 0.1 M
[NBugCl and the acceptor
number (AN) of the solver
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1.3.3 Ideal medium propertiesto maximize AEv2for electrogenerated Cations

Maximizing AE12 for redoxprocesses that involves positively charged produdisires a
medium with the following properties: (i) a loweolprity solvent (preferably of low
donor strength) to minimize solvatioof analyte cations, (ii) a weakly coordinating
electrolyte aniorto minimize ion pairing, (iii) a small electrolyt®untercatiorio enhance
competitive ion pairing with the supporting saftions, and (iv) a low concentration of the
supporting electrolyteThe nucleophilic properties of the solvent musbabie kept in

mind, again favoring solvents of low donor number.

Electro active compounds undergo oxidation andéaluction on the electrode surface
within a certain potential range. The electro agtief such compounds depends upon the
pH of the medium, nature of the electrode and aativiety (electrophore) present in their
structures. Their redox behavior can be influenbgdthe change in pH, substituents,

concentration and scan rate. The variation in reokhxavior can be abused for a number
of useful purposes like elucidation of electrodacten mechanism. Cyclic voltammetry

(CV) and differential pulse voltammetry (DPV) hawged in the present work to achieve

the following two main objectives:

e To understand the issue of multi-step ET in dihyglbeenzene isomers.

e To analyses the redox interactions at ortho, madigpara positions.

In recent years the electrochemical techniques hedeto the preferment over other
techniques in the field of analysis owing to thgpecificity, high sensitivity, efficient
selectivity, greater reliability, extensive versti and fast detection ability. Direct
monitoring, simplicity and low cost facilitated tlmvestigation of the electrode reaction

mechanism and interaction studies.
1.4 Biologically Important compounds
The elucidation of reaction mechanism at the ebeletrsurface requires the determination

of the electro active moiety (electrophore) of thelecule, number of electrons involved

in oxidation and/or reduction processes, numbesrofons accompanying the transfer of
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electrons in different pH media and the reverdiydilireversibility of each step [48]. The
redox mechanisms of the following biologically inm@mt molecules were proposed on

the basis of the results obtained from CV and DPV.

1.4.1 Catechol (Cate)

Catechol (also known as pyrocatechol or 1,2-dihygloenzene), is an organic compound
with the molecular formula é14(OH)2 shown in Figure 1.1 . It is the ortho isomer of the
three isomeric benzenediols. This colorless comgagecurs naturally in trace amounts.
About 20M kg are produced annually, mainly as acywsor to pesticides, flavors and
fragrances [49]. Catechol occurs as feathery wdrigstals which are very rapidly soluble

in water.

OH

OH

Figure 1.1: Structure of Catechol

1.4.2 Natural Occurrence of Catechol

Small amounts of catechol occur naturally in fraitgl vegetables, along with the enzyme
polyphenol oxidase (also known as catecholase temhol oxidase). Upon mixing the
enzyme with the substrate and exposure to oxygenvlen a potato or apple is cut and
left out), the colorless catechol oxidizes to retiebrown melanoid pigments, derivatives
of benzoquinone. The enzyme is inactivated by agdim acid, such as lemon juice, and
slowed with cooling. Excluding oxygen also preventise browning reaction.
Benzoquinone is said to be antimicrobial, whichwsldhe spoilage of wounded fruits and
other plant parts, Catechol moieties are also foumdkely within the natural world.
Arthropodcutcle consists of chitin linked by a «dtel moiety to protein. The cuticle may
be strengthened by cross-linking (tanning and stiletion), particularly in insects, and of

course by biomineralozation [50].
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1.4.3 Use of Catechol

Approximately 50% of synthetic catechol is consunrethe production of pesticides, the
remainder being used as a precursor to fine chdsnisach as perfumes and
pharmaceuticals [23]. It is a common building blankorganic synthesis [24]. Several
industrially significant flavors and fragrances gmeepared starting from catechol [25].
Guaiacol is prepared by methylation of catechol enthen converted to vanillin on a
scale of about 10M kg per year (1990). The relatedo ethyl ether of catechol, guethol,
is converted to ethylvanillin, a compinent of chlate confectionaries. 3-trans-
Isocamphylcyclohexanol, widely used as a replacérf@nsandalwood oil, is prepared
from catechol via guaiacol and camphor. Piperoadlowery scent, is prepared from the
methylene diether of catechol followed by condeonsatvith glyoxal and decarboxylation
[26]. Catechol is used as a black —and- white pirajghic developer, but except for some
special purpose applications, its use until regents largely historical. Modern catechol
developing was pioneered by noted photographer\Siimdy. His “PyroCat” formulation
enjoys widespread popularity among modern blackvamte film photographers.

1.4.4 Resorcinol

Resorcinol (also known as Resorcin or 1,3-dihydb@xnzene), is an organic compound
with the molecular formula é14(OH)2 shown in Figure 1.2. It is the meta isomer of the
three isomeric benzenediols. Resorcinol crystslirom benzene as colorless needles
that are readily soluble in water, alcohol, anceetiResorcinol is most commonly used
in skin creams for the treatment of acne, psoriagborrheic dermatitis, eczema, and

other skin disorders.

HO OH

Resorcinol

Figure 1.2: Structure dgtesorcinol

10
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It condenses with acids or acid chlorides, in thhespnce of dehydrating agents, to
oxyketones, e.g., with zinc chloride and glaciadtac acid at 145 °C it vyields
resacetophenone (H&)H:~CO.CH [51]. In addition to electrophilic aromatic
addition, resorcinol undergo nucleophilic substiat via the enone formWith

concentrated nitric acid, in the presence of caddcentrated sulfuric acid, it yields
trinitro-resorcin (styphnic acid), which forms yaN crystals, exploding violently on

rapid heating.

1.4.5 Natural Occurrence of Resorcinol

The resorcinol moiety has been found in a wideetgrof natural products. In particular,
the plant phenolics, of which resorcinol ring-conitag constituents are a part, are
ubiquitous in nature and are well documented. R#&salr itself has been found in the
broad bean \(icia fabg, detected as a flavour-forming compound in thendyo
mushroom Armillaria melleg (Dressler, 1994), and found in exudates of segdliof
the yellow pond lily Nuphar luted (Sutfeld et al., 1996). Resorcinol has also been
found in extracts of tobacco leaves (Dressler, 1984 is a component of tobacco
smoke (see section 6). In terms of resorcinol d#ikes, resorcinol ethers are
components of fragrance agents, and there is cenadild literature on long-chain
alk(en)yl resorcinols in plants and bacteria (Diexs4.994).

Resorcinol is a monomeric by-product of the redugtioxidation, and microbial
degradation of humic substances. Humic substameesso present in coals, shales, and
possibly other carbonaceous sedimentary rocks. @hBatrick (1976) found resorcinol

in some samples as a decomposition product ofresidues in soil.

1.4.6 Use of Resorcinol

Resorcinol is used as a chemical intermediate Hersynthesis of pharmaceuticals and
other organic compounds. Resorcinol is an analytiemgent for the qualitative
determination of ketoses (Seliwanoff's test). llso used in the production of diazo dyes
and plasticizers and as a UV absorber in resinsoiRmol is one of the active ingredients
in  products such as Resinol, Vagisil, and Clearasllsed externally, it is

an antiseptic and disinfectant, and is used 5 t% 10 ointments in the treatment of

11
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chronic skin diseases such as psoriasis, hidrasienippurativa, andeczema of a sub-acute
character. It can be included as an anti-dandgdgha in shampoo or

in sunscreen cosmetics. It has also been emplaydtiel treatment of gastric ulcers in
doses of 125 to 250 mg in pills. An emerging useesbrcinol is as a template molecule in

supramolecular chemistry.

1.4.7 Hydroquinone

Hydroquinone (also known as Idrochinone or Quindl/dihydroxy benzene/1-4 hydroxy
benzene), is an organic compound with the moledafanula GH4(OH)2 shown in Figure

1.3. It is the para isomer of the three isomeritzeaediols. It is a white granular solid.

OH

HO
Hydroquinone

Figure 1.5: Structure adydroquinone

Hydroquinone (HQ) is a nonvolatile chemical usedh@ photographic, rubber, chemical,
and cosmetic industries. In human medicine, hydrame is used as a topical application

in skin whitening to reduce the color of skin.

1.4.8 Natural occurrences of Hydroquinone

Due to its chemical make up, and the reactionsesghrough, hydroquinone can be found
in the air, as a liquid or a solid. HQ is also kmowo occur in nature as the beta-D-
glucopyranoside conjugate (arbutin), and free H@ iknown component of cigarette
smoke. Low concentrations of HQ have been deteantéte urine and plasma of humans
with no occupational or other known exposure to @Qcurring naturally in some insects

as well (like millipedes), it is generally part@tdefensive chemical secretion.

12
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1.4.9 Usesof Hydroquinone

Hydroquinone is used to lighten the dark patcheskaf (also called hyperpigmentation,
melasma, "liver spots,” "age spots,” freckles) eduby pregnancy, birth control pills,
hormone medicine, or injury to the skin. It is ajonacomponent in most black and white
photographic developers for film and paper wherigh whe compound Metol, it reduces
silver halides to elemental silver. It is used irany industrial applications, like
photography, manufacturing, and agricultural praslias a reducing agent, antioxidant,
and polymerization inhibitor [27]. It is also used a stabilizer for gas and oil, varnishes

and paints.

1.4.10 Sulfanilic acid

The Sulfanilic acid (p-aminobenzene sulfonic agdpwn in Figure 1.4, is an important
and interesting compound, which finds a number mbliaations in the syntheses of
organic dyes. Sulfanilic acid and certain relatelssituted derivatives are of considerable
medicinal importance as the sulfa drugs. Althouggythave been supplanted to a wide
extent by antibiotics such as penicillin, tetraaye] Chloromycetin, and Aureomycin, the
sulfa drugs still have their medical uses, and mgka cons iderable portion of the output

of the pharmaceutical sector [52].

SO5H

NH,

Figure 1.4: Structure of Sulfanilic acid

1.4.11 Usesof Sulfanilic acid

It is used to make dyes and sulpha drugs. It is ated in the manufacture pesticides

which can cure wheat rust disease. In additiooatit be used in many organic syntheses.

13
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For example: it reacts with 6-chloro-pyrimidine-2liémine to get 2,4-diamino-6-p-
sulphoanilinopyrimidine. This reaction needs read#@l and solvent ethanol by heating.

The reaction time is 4.0 hours.

1.5 Aim of thisthesis

In order to fully understand the issue of multipst&T (electron transfer) in
dihydroxybenzene isomers theoretical and experiahesdpect of redox interaction in
terms of electrochemical current potential curveslysis is necessary. This research will
be devoted to the determination of the electronsfier numbers, analysis of the redox
interactions abrtho, metaandpara position. Specifically it will cover the area adiuses
and interpretation of single or multi-step electreaction in dihydroxybenzene isomers.

The specific aims of this study are:
) to analyze the redox interaction among differeammsrs of dihydroxybenzene
at different media.
i) to determine the reaction feasibility among thenecs at different condition.
iii) to study the electron transfer/proton transfer rmadm of reaction by CV and
DPV at different pH.
iv) to determine the electro activity of isomers afetént pH.

14
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CHAPTERII

Theoretical Background

Electroanalytical chemistry encompasses a grouguahtitative analytical methods that
are based upon the electrical properties of anynablution when it is made part of an
electrochemical cell. Voltammetry applies a constand/or varying potential at an
electrode's surface and measures the resultingrdunith a three electrode system. These
electrodes are linked by conducting paths bothreatly (via electric wires etc.) and
internally in solution (via ionic transport) so tl@arge can be transported.
If the cell configuration permits, the products thie two electrode reactions can be
separated. When the sum of the free energy chaaiglesth electrodes is negative, the
electrical energy released can be harnessed (bajtelf it is positive, external electrical
energy can be supplied to oblige electrode readtiotake place and convert chemical
substances (electrolysis) [53].
The electrode can act as a source (for reductiorg sink (for oxidation) of electrons
transferred to or from the species in solution:

O+ne- R
Where, O and R are the oxidized and reduced spduniesder for the electron transfer to
occur, there must be a correspondence betweeméngies of the electron orbitals where
transfer takes place in the donor and acceptothdnelectrode this level is the highest
filled orbital, which in a metal is Fermi energyés. In the soluble species it is the orbital
of the valence electron to be given or received.rEduction, there is a minimum energy
that the transferable electrons from the electrodst have before the transfer can occur,
which corresponds to a sufficiently negative paténtFor an oxidation, there is a
maximum energy that the lowest unoccupied leveaha electrode can have in order to
receive electrons from the species in solutionyesponding to a sufficiently positive
potential.
In order to study electrode reactions, reproducieerimental conditions must be created
which enable minimization of all unwanted factorsatt can contribute to the

measurements and diminish their accuracy. That snéarsuppress migration effects,
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confine the interfacial region as close as posdiblthe electrode, and minimize solution
resistance. These objectives are achieved by thigicad of large amount (around 1 mol
dm®) of inert electrolyte, the electroactive specieing at a concentration of 5 mM or
less [53].

Since an electrode predominantly attracts positiged negatively charged species, which
may or may not undergo reaction at the surfacghauld be remembered that the species
may adsorb at the electrode surface. This makekedtr that in the description of any
electrode process we have to consider the transpapiecies to the electrode surface as
well as the electrode reaction itself. This tramspgan occur by diffusion, convection or

migration.

2.1 Masstransfer processin voltammetry

Mass transfer is the movement of material from toation to another in solution. In
electrochemical systems, three modes of mass wanse generally considered which a
substance may be carried to the electrode surface lhulk solution including diffusion,
convection and migration. Any of these or more tbae might be operating in a given
experiment which is depended on the experimentaditions.
In general, there are three types of mass trapsféeesses:

* Migration

» Diffusion

+ Convection

2.1.1 Migration

Migration is the movement of ions through a solutas a result of electrostatic attraction
between the ions and the electrodes. It is theggimause of mass transfer in the bulk of
the solution in a cell. This motion of charged et through solution, induced by the

charges on the electrodes is called migration [34]s charge movement constitutes a
current. This current is called migration curreflie larger the number of different kinds

of ions in a given solution, the smaller is thecfran of the total charge that is carried by a
particular species. Electrolysis is carried outhvatlarge excess of inert electrolyte in the
solution so the current of electrons through thtereal circuit can be balanced by the

passage of ions through the solution between #&rebes, and a minimal amount of the
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electroactive species will be transported by migrat Migration is the movement of
charged species due to a potential gradient. ltanohetric experiments, migration is
undesirable but can be eliminated by the additibnaolarge excess of supporting
electrolytes in the electrolysis solution. The effef migration is applied zero by a factor

of fifty to hundred ions excess of an inert supipgrelectrolyte.

2.1.2 Diffusion

Diffusion refers to the process by which molecutdgermingle as a result of their kinetic
energy of random motion. Whereas a concentratiffierdnce between two regions of a
solution, ions or molecules move from the more eotr@ted region to the dilute and leads
to a disappearance of the concentration difference

The one kind of mode of mass transfer is diffusionan electrode surface in an
electrochemical cell. The rate of diffusion is ditg proportional to the concentration
difference. When the potential is applied, thearstiare reduced at the electrode surface
and the concentration is decreased at the surfimeeHence a concentration gradient is

produced. Finally, the result is that the ratedifftision current become larger.

2.1.3 Convection

By mechanical way reactants can also be transféored from an electrode. Thus forced
convection is the movement of a substance throogltisn by stirring or agitation. This
will tend to decrease the thickness of the difflesger at an electrode surface and thus
decrease concentration polarization. Natural camwecresulting from temperature or
density differences also contributes to the trartspbspecies to and from the electrode
[55]. At the same time a type of current is prodluc€his current is called convection
current. Removing the stirring and heating can ielate this current. Convection is a far

more efficient means of mass transport than difisi

2.2 Cyclic voltammetry (CV)

Cyclic voltammetry is a very versatile electrocheahitechnique which allows to prove

the mechanics of redox and transport propertiesa ofystem in solution. This is

accomplished with a three electrode arrangementeblgethe potential relative to some
17
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referenceelectrode is scanned at a workielgctrode while the resulting current flowing
through a countefor auxiliary) electrode is monitored in a quiedceolution. The
technique is ideally suited for a quick searchexfax couples present in a system; once
located, a couple may be characterized by morefulamnalysis of the cyclic
voltammogram. More precisely, the controlling elenic is designed such that the
potential between the reference and the workingtreldes can be adjusted but the big
impedance between these two components effectioetes any resulting current to flow
through the auxiliary electrode. Usually the poi@nis scanned back and forth linearly
with time between two extreme values — the switghiotentials using triangular potential
waveform. When the potential of the working eled&#ds more positive than that of a
redox couple present in the solution, the corredponspecies may be oxidized (i.e.
electrons going from the solution to the electroded produce an anodicurrent.
Similarly, on the return scan, as the working etm potential becomes more negative
than the reduction potential of a redox coupleuotidn (i.e electrons flowing away from
the electrode) may occur to cause a cathodicent. For the oxidation reaction involving
n electrons

Red Z Ox + ne”

theNernst Equation gives the relationship between the potential aedctincentrations of
the oxidized and reduced form of the redox coupkmailibrium (at 298 K):

. 0.059 [ Ox]
+ logqg
7 [Red]

E=E"

whereE is the applied potential angr the formal potential; [OX] and [Red] represent
surface concentrations at the electrode/solutiterfecce,not bulk solution concentrations.
Note that the Nernst equation may or may not bgyedeepending on the system or on

the experimental conditions.
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Figure 2.2: The expected response of areversibleredox coupleduringasingle
potential cycle

A typical voltammogram is shown in Figure 2.2. Téean shown starts at a slightly
negative potential(A) up to some positive switching valu@) at which the scan is
reversed back to the starting potential. The carn®iirst observed to peak &ba (with
valueipa) indicating that an oxidation is taking place dhen drops due to depletion of the
reducing species from the diffusion layer. Durirdge treturn scan the processes are
reversed (reduction is now occurring) and a peakeatiis observed & (corresponding
value,ipc).
Providing that the charge—transfer reaction is n&fte, that there is no surface interaction
between the electrode and the reagents, and thaetlox products are stable (at least in
the time frame of the experiment), the ratio of teeerse and the forward curreptipt =
1.0 (in Figure 2.2pa= iptandipc = ipr). In addition, for such a system it can be shadvwat:t
« the corresponding peak potentids: and Exc are independent of scan rate and
concentration
% the formal potential for a reversible couf®is centered betwedfpa andEpc: E0=
(Epa+ Epc)/2
% the separation between peaks is givenARy = Epa — Epc = 59/ mV (for an
electron transfer reaction) at all scan rates (vewethe measured value for a
reversible process is generally higher due to umpemsated solution resistance
and non-linear diffusion. Larger values AE,, which increase with increasing

scan rate, are characteristic of slow electrorstarkinetics).
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It is possible to relate the half-peak potentigl{Bvhere the current is half of the peak
current) to the polarographic half-wave potenttal,: Epz = Ei2 £ 29mV/n (The sign is
positive for a reduction process.)

Simply stated, in the forward scan, the reactio®is € — R, R is electrochemically
generated as indicated by the cathodic currenthénreverse scalR — O + ¢ R is
oxidized back toO as indicated by the anodic current. The CV is chpalh rapidly
generating a new species during the forward scdrtlen probing its fate on the reverse
scan. This is a very important aspect of the tepan{56].

A

"E].'ILBX

E

min

Figure 2.3: Variation of potential with timein cyclic voltammetry

A characteristic feature is the occurrence of peadentified by the peak potential,
which corresponds to electron transfer reactionise Tepetitive triangular potential
excitation signal for CV causes the potential & Working electrode to sweep backward

and forward between two designate values (the bimdcpotentials).

In cyclic voltammetry of reversible system, the gwot of the initial oxidation or

reduction is then reduced or oxidized, respectivetyreversing the scan direction.

Adsorbed species lead to changes in the shape aytilic voltammogram, since they do
not have to diffuse from the electrode surfaceparticular, if only adsorbed species are
oxidized or reduced, in the case of fast kineties ¢yclic voltammogram is symmetrical,
with coincident oxidation and reduction peak patdat[57].

Cyclic voltammetry is one of the most versatileht@iques for the study of electroactive
species, as it has a provision for mathematicalyaisaof an electron transfer process at

the electrode [58-61]. It is an electroanalyticabltfor monitoring and recognition of
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many electrochemical processes taking place autace of electrode and can be used to

study redox processes in biochemistry and macrarutaiechemistry [53].
2.2.1 Single€electron transfer process

Based upon the values of electrochemical parameters peak potentidEp, half peak
potential Epp), half wave potentialHi2), peak currentlf), anodic peak potentidtps,
cathodic peak potentidk, etc, it can be ascertained whether a reaction vsrsile,
irreversible or quasi-reversible. The electrochamiparameters can be graphically
obtained from the voltammogram as shown in the rei@u3.

Three types of single electron transfer processbeastudied.

a. Reversible process. b. Irreversible process ailasi-reversible.

2.2.1(a) Reversible processes

The peak current for a reversible couple (at 259€)given by the Randles-Sevcik
equation: ip = (2.69x16) n2ACDYA/12

where n is the number of electrons, A the electim@a (in crf), C the concentration (in
mol/cn?), D the diffusion coefficient (in cf/s), and v the scan rate (in V/s). Accordingly,
the current is directly proportional to concentratand increases with the square root of
the scan rate. The ratio of the reverse-to-forvwmak currentspdips, is unity for a simple
reversible couple. This peak ratio can be strordigcted by chemical reactions coupled
to the redox process. The current peaks are conyrmaehsured by extrapolating the
preceding baseline current. The position of th&kp@a the potential axis gEis related to
the formal potential of the redox process. Thenfarpotential for a reversible couple is

centered betweenpykand Ec:
E°= &+ Ep)/2
The separation between the peak potentials (feversible couple) is given by:

AEp = Epa' Epc =59mV/n
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Thus, the peak separation can be used to detetmeneumber of electrons transferred,
and as a criterion for a Nernstian behavior. Acowly, a fast one-electron process
exhibits aAEp of about 59 mV. Both the cathodic and anodic peakentials are
independent of the scan rate. It is possible @teahe half-peak potential {f& where the
current is half of the peak current) to the polaaphic half-wave potential,:kz

B2 = B2 £ 29mV/n

(The sign is positive for a reduction process.) Ruilti electron-transfer (reversible)
processes, the cyclic voltammogram consists ofrabdéstinct peaks, if the ®&values for
the individual steps are successively higher ardwall separated. An example of such
mechanism is the six-step reduction of the fullese@o and Goto yield the hexaanion
products Go® and Go® where six successive reduction peaks can be daaserv

The situation is very different when the redox teacis slow or coupled with a chemical
reaction. Indeed, it is these "nonideal" procedbes are usually of greatest chemical
interest and for which the diagnostic power of myeloltammetry is most useful. Such
information is usually obtained by comparing theexmental voltammograms with those

derived from theoretical (simulated) ones.

Current

Voltage

Figure 2.4: Reversible cyclic voltammogram of redox process
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2.2.1(b) Irreversible processes

For irreversible processes (those with sluggisicteda exchange), the individual peaks
are reduced in size and widely separated. Totakyersible systems are characterized by

a shift of the peak potential with the scan rate:
B = E° - (RThnaF)[0.78 - In(K/(D)*?) + In (anaFV/RT)Y7

wherea is the transfer coefficient and is the number of electrons involved in the charge-
transfer step. Thuspbccurs at potentials higher than E°, with the pe&ntial related to

k° and a. Independent of the value k°, such pegfilattement can be compensated by an
appropriate change of the scan rate. The peak tmdtemd the half-peak potential (at
25°C) will differ by 484n mV. Hence, the voltammogram becomes more drawn-ou

ason decreases.

Current/ A

-3.0X10-4 ¥ T T T k: T ¥ T % T % T r T ,
-0 -08 -06 -04 -02 00 02 04

Potential / V

Figure 2.5: Cyclic voltammogram of irreversible redox process
2.2.1(c) Quasi-reversible process
Quasi-reversible process is termed as a procesghwdhows intermediate behavior
between reversible and irreversible processesudh a process the current is controlled

by both the charge transfer and mass transfer.

Cyclic voltammogram for quasi-reversible processhiswn in Figure 2.6 [62].
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Figure 2.6: Cyclic voltammogram of quasi-reversible redox process
For quasi-reversible process the value of stantl@tdrogeneous electron transfer rate
constant, kg, lies in the range of 1Bto 10° cm sed [63]. An expression relating the
current to potential dependent charge transfer wate first provided by Matsuda and
Ayabe [64].
[0} anF (o] [0} F o]
I(t) = CO(O’t)kshExp[—ﬁ{E(t) = }} —CR(O’t)kshExp[—'in—T{E(t) -E }} 2.1

where kg, is the heterogeneous electron transfer rate canatastandard potenti&® of

redox systema is the transfer coefficient afffl= 1- a. In this case, the shape of the peak
and the various peak parameters are functiores @fd the dimensionless parametar,
defined as [65]

/\: kS,h
Dllz(nF/RT)l/ZUllz

whenD,= D:= D
D, and D: are the diffusion coefficients of oxidized and reedd species

2.2

respectively.

2.3 Pulsetechniques

The basis of all pulse techniques is the differeincine rate of decay of the charging and
the faradaic currents following a potential step galse). The charging current decays
considerably faster than the faradaic current. @ sh the applied potential or current
represents an instantaneous alteration of the retdmical system. Analysis of the
evolution of the system after perturbation perrdgductions about electrode reactions and

their rates to be made. The potential step is #se lof pulse voltammetry. After applying
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a pulse of potential, the capacitive current deayafaster than the faradic one and the
current is measured at the end of the pulse. Mpie bf sampling has the advantage of
increased sensitivity and better characteristics doalytical applications. At solid
electrodes there is an additional advantage ofrichgtation against blocking of the

electrode reaction by adsorption [66].

2.3.1 Differential pulse voltammetry (DPV)

The potential wave form for differential pulse attmetry (DPV) is shown in Figure 2.8.
The potential wave form consists of small pulsdscmstant amplitude) superimposed
upon a staircase wave form. Unlike Normal pulsetarometry (NPY, the current is

sampled twice in each Pulse Period (once beforgtitee, and at the end of the pulse),

and the difference between these two current vatuescorded and displayed.

— F—Fulse Widih
Slep E—.‘L Sampla Periad
E -

T [
Fulse

Amplitude - Sample Feriod

E—Fulse Period

Quisak
Time 11

Figure 2.8: Scheme of application of potential

The important parameters for pulse techniques sfell@ws:

* Pulse amplitude is the height of the potential @ul§his may or may not be
constant depending upon the technique.

* Pulse width is the duration of the potential pulse.

» Sample period is the time at the end of the pulsend which the current is

measured.
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» For some pulse techniques, the pulse period or tino@ must also be specified.
This parameter defines the time required for orterg@l cycle, and is particularly
significant for polarography (i.e., pulse experitserusing a mercury drop
electrode), where this time corresponds to thdirife of each drop (i.e., a new
drop is dispensed at the start of the drop timd,iarknocked off once the current
has been measured at the end of the drop timee-that the end of the drop time

coincides with the end of the pulse width).

Quantitative treatments for reversible systems detnated that, with onlyR (positive
sign) or onlyO (negative sign) initially present, the followinguedion can be written as

E = El,ziA—zEle

whereAE is the pulse amplitude.
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During the course of the present work a numbeedftiques were involved which were

CHAPTER 111

Experimental

in general standard ones. Constant efforts forinat the ideal conditions for the

experiments were always attempted. The thorougldgned glass pieces were dried in

electric oven. The smaller pieces of apparatus \@eesl in electric oven and stored in a

desiccator, while larger pieces of apparatus weeel dlirectly from the oven.

The redox interaction among different isomers diydroxybenzene and the reaction
feasibility among those isomers and electrochemieattions in aqueous solution and

buffer solution at different pH (3, 5, 7 and 9) hbeen measured using Cyclic

Voltammetry (CV) and Differential Pulse Voltammet{pPV) at glassy carbon (Gc) or

platinum electrode (Pt). Details of the instruméntaare given in the following sections.

The source of different chemicals, the instrumamnitds brief description of the methods are

given below.

3.1 Chemicals

All chemicals and solvents are used in the eleb&nucal synthesis and analytical work

were analytical grade obtained from E. Merck Genmavierck Specialities private Ltd.
Mumbai, India. Loba Chemie Pvt. Ltd. Mumbai of ladind Fisher Scientific UK Ltd.

The used chemicals were-

Sl. Chemicals Molecular Molar | Reported Producer
No. formula mass purity
1. Resorcinol 6HesO2 110.11| 99.9% Loba Chemie Pvt.

Ltd. Mumbai, India.
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Sl Chemicals Molecular Molar | Reported Producer

No. formula mass purity

2. Hydroquinone 6HeO2 110.11 99% Loba Chemie Pwt.
Ltd. Mumbai, India.

3. Catechol 6H4(OH) 110.11] 99% Fisher Scientific
UK Ltd.

4, Sulfanilic Acid GH7NGsS 173.19] 99% Merck Specialities
private Ltd.

Mumbai, India.

5. Glacial acetic acid GeOOH 60.05 99.5% Loba Chemie Pvt.
Ltd. Mumbai, India.

6. Sodium CH:COONa | 136.08 99% E-Merck, Germany
acetate

7. Sodium di NaHPOy.2HO | 156.01| 98-100% | Loba Chemie Pvt.
Hydrogen Ortho Ltd. Mumbai, India.
Phosphate

8. Di-Sodium NaoeHPQu.2HO | 177.99| 97-100% | Fisher Scientific
Hydrogen Ortho UK Ltd.
Phosphate

9. Sodium Hydroxide NaOH 40.00 97% E-Merck, Germany

10. | Sodium NaHCGs 84.00 99% Loba Chemie Pvt.
Bicarbonate Ltd. Mumbai, India.

11. | Potassium Chloride KCI 74.55 99% Merck Speioesli

private Ltd.

Mumbai, India.

3.2 Equipments

During this research work the following instrumewisre used.
i) The electrochemical studies (CV, DPV and CA) weeefggmed with a PC
controlled pstat 400 Potentiostats/Galvanostat®{5ens, Spain) (Figure
3.1),

i) A Pyrex glass micro cell with Teflon cap,
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iii) Glassy carbon(Gc)/ Pt working electrode,

iv) Ag/ AgCl reference electrode,

V) Pt wire counter electrode,

Vi) A pH meter (pH Meter, Hanna Instuments, Italy) weasiployed for
maintaining the pH of the solutions. Preparatiorihaf solutions was done by
ordinary laboratory glassware, and

vi) A HR 200 electronic balance with an accuracy#09.0001g was used for

weighting.
3.3 Cyclic voltammetry (CV)

In several well established electrochemical teaesgfor the study of electrochemical
reactions, we have chosen the CV technique to stumdly analyze the redox reactions
occurring at the polarizable electrode surfacesTachnique helps us to understand the
mechanism of electron transfer reaction of the cmmpgs as well as the nature of
adsorption of reactants or products on the eleetredrface. CV is often the first
experiment performed in an electrochemical study.cGnsists of imposing an excitation
potential nature on an electrode immersed in ariroed solution and measuring the
current and its potential ranges varies from a fedivolts to hundreds of millivolts per
second in a cycle. This variation of anodic andhadic current with imposed potential is
termed as voltammogram [63].

The technique involves under the diffusion coné&®limass transfer condition at a
stationary electrode utilizing symmetrical triangukcan rate ranging from 1 mVsgo
hundreds millivolts per second.

In CV the current function can be measured as etifum of scan rate. The potential of the
working electrode is controlled vs a reference tebele such as Ag/AgCl electrode. The
electrode potential is ramped linearly to a morgatiee potential and then ramped is
reversed back to the starting voltage. The forwsarah produces a current peak for any
analyte that can be reduced through the range tehpal scan. The current will increase
as the current reaches to the reduction poteritthlecanalyte [67].

The current at the working electrode is monitoredaatriangular excitation potential is
applied to the electrode. The resulting voltammoygi@an be analyzed for fundamental

information regarding the redox reaction. The pb#tnat the working electrode is
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controlled vs a reference electrode, Ag/AgCI (staddNacCl) electrode. The excitation
signal varies linearly with time. First scan pogty and then the potential is scanned in
reverse, causing a negative scan back to the arigotential to complete the cycle. Signal
on multiple cycles can be used on the scan surfaogyclic voltammogram is plot of

response current at working electrode to the ap@ieitation potential.

3.4 Important features of CV

An electrochemical system containing species ‘@atde of being reversibly reduced to

‘R’ at the electrode is given by,

O+ne=R .., 3.1
Nernst equation for the system is
E=E%+ 0059logc—g..........................3.2
n C

R

Where,
E = Potential applied to the electrode
E° = Standard reduction potential of the couple v&rsfierence electrode
n = Number of electrons in Equation (3.1)

C, = Surface concentration of species ‘O’

Cs = Surface concentration of species ‘R’

A redox couple that changes electrons rapidly i working electrode is termed as
electrochemically reverse couple. The relation give peak currengc
ipc = 0.4463 nFA (m)Y%C.....................3.3

a= nFv) _( nv
RT 0026
Where,

ipc = peak current in amperes

F= Faraday's constant (approximately 96500)
A = Area of the working electrode in ém

v= Scan rate in volt/ sec

C= Concentration of the bulk species in mol/L

D= Diffusion coefficient in cri/sec
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In terms of adjustable parameters, the peak cuiergiven by the Randless-Sevcik
equation,

ip=2.6%10Pxn3?ADY2CVY? .34
The peak potential FHor reversible process is related to the half wapetential &2, by

the expression,

E, =Ey,- 1.11(Ej . at28C e, 3.5
nF
0.0285RT
E,, = Em-(Tj%

The relation relates the half wave potential tostaendard electrode potential

., RrRT._f_ (D )"
E1/2—E _ |n red ox

nF (04 DOX
12
E1/2:EO—E|T1 D R N
NF Dy

Assuming that the activity coefficienéxfand feq are equal for the oxidized and reduced
species involved in the electrochemical reaction.

From Equation (3.6), we have,

E,-E, = 222(Ej at28C....cocoiiiiiinn, 3.8
nk

or E,—E, :( 0059j at28C......coooevveeiinnn, 3.9
n

This is a good criterion for the reversibility déetrode process. The value gfshould be

close for a simple reversible couple,

ipa{ipc = 3.10
And such a systemyfz can be given by,
E_ +E
E,, =% ......................... 3.11

For irreversible processes (those with sluggisictela exchange), the individual peaks

are reduced in size and widely separated, Totalyersible systems are characterized by

a shift of the peak potential with the scan ra&];[6
Ex=E%-(RT/ansF)[0.78-In(K/(D)?)+In(anaFa/RT)Y... ... 3.12
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Wherea is the transfer coefficient and is the number of electrons involved in the charge
transfer step. ThuspBccurs at potentials higher thafy Bith the over potential related to
k? (standard rate constant) amdindependent of the valué, ksuch peak displacement can
be compensated by an appropriate change of theratmarnThe peak potential and the half-
peak potential (at 25C) will differ by 48/an mV. Hence, the voltammogram becomes

more drawn-out agn decreases.

3.5 Differential pulse voltammetry (DPV)

Differential pulse voltammetry (DPV) is a techniquleat is designed to minimize
background charging currents. The waveform in DB\Aisequence of pulses, where a
baseline potential is held for a specified periddtime prior to the application of a
potential pulse. Current is sampled just priorite application of the potential pulse. The
potential is then stepped by a small amount (tylyica 100 mV) and current is sampled
again at the end of the pulse. The potential ofvtbeking electrode is then stepped back
by a lesser value than during the forward pulsé $hiat baseline potential of each pulse is
incremented throughout the sequence.

By contrast, in normal pulse voltammetry the curmesulting from a series of ever larger
potential pulse is compared with the current abstant ‘baseline’ voltage. Another type
of pulse voltammetry is square wave voltammetryiclvitan be considered a special type
of differential pulse voltammetry in which equamg is spent at the potential of the
ramped baseline and potential of the superimposddep The potential wave form
consists of small pulses (of constant amplitud@esmposed upon a staircase wave form
[69]. Unlike NPV, the current is sampled twice iach pulse Period (once before the
pulse, and at the end of the pulse), and the difie between these two current values is

recorded and displayed.

3.6 Important features of DPV

Differential pulse voltammetry has these prominence
i) Current is sampled just prior to the applicationha potential pulse.
i) Reversible reactions show symmetrical peaks arersible reaction show

asymmetrical peaks.
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i) The peak potential is equal ta/&=AE in reversible reactions, and the peak

current is proportional to the concentration.

3.7 Computer controlled potentiostats

The main instrument for voltammetry is the Potestits/ Galvanostats (uStat 400,
DropSens, Spain), which will be applied to the aEspotential to the electrochemical cell
(i.e. between a working electrode and a refererleetrede), and a current-to-voltage
converter, which measures the resulting currerd,tha data acquisition system produces

the resulting voltammogram.

3.8 Electrochemical cdll

This research work was performed by a three eldetrelectrochemical cell. The

voltammetric cell also contains a Teflon cap. Tleeteochemical reaction of interest takes
place at the working electrode and the electricatent at this electrode due to electron
transfer is termed as faradic current. The coueliestrode is driven by the potentiostatic
circuit to balance the faradic process at the waylalectrode with an electron transfer of

opposite direction.

3.9 Electrodes

Three types of electrodes are used in this research
i) Working electrodes are Glassy carbon (GC) electruile 3.0 mm diameter
disc, Gold (Au) & Platinum (Pt) electrode with ITrin diameter disc
i) Ag/ AgCI (standard NaCl) electrode used as refexeglectrode from BASI,
USA
iii) Counter electrode is a Pt wire
The working electrode is an electrode on whichréetion of interest is occurring. The
reference electrode is a half-cell having a knovectteode potential and it keeps the
potential between itself and the working electrotiee counter electrode is employed to
allow for accurate measurements to be made betwienworking and reference

electrodes.
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3.10 Preparation of electrodes

In this study, Glassy carbon (GC), Gold (Au) andtidum (Pt) electrodes purchase from
the BASI, USA are used as working electrode. Etelgrpreparation includes polishing
and conditioning of the electrode. The electrodes walished with 0.05um alumina
powder on a wet polishing cloth. For doing so at pdirthe cloth was made wet with
deionized water and alumina powder was sprinkledr at. Then the electrode was
polished by softly pressing the electrode agaimstpolishing surface at least 10 minutes.
The electrode surface would look like a shiny nriredgter thoroughly washed with

deionized water.

3.11 Removing dissolved Oxygen from solution

Dissolved oxygen can interfere with observed curreaponse so it is needed to remove
it. Experimental solution was indolented by purgfogat least 5-10 minutes with 99.99%
pure and dry nitrogen gas (BOC, Bangladesh). By Wy, traces of dissolved oxygen

were removed from the solution.

3.12 Electrode polishing

Materials may be adsorbed to the surface of a wgrkiectrode after each experiment.
Then the current response will degrade and thdretdx surface needs to clean. In this
case, the cleaning required is light polishing v@itd5um alumina powder. A few drops of
polish are placed on a polishing pad and the @édetis held vertically and the polish
rubbed on in a figure-eight pattern for a perio0fseconds to a few minutes depending
upon the condition of the electrode surface. Aftelishing the electrode surface is rinsed

thoroughly with deionized water.

3.13 Experimental procedure

The electrochemical cell filled with solution 50nof the experimental solution and the
Teflon cap was placed on the cell. The workingtetete together with reference electrode

and counter electrode was inserted through theshdlbe electrodes were sufficiently
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immersed. The solution system is deoxygenated lbbgipg the nitrogen gas for about 10
minutes. The solution has been kept quiet for torsds. After determinating the potential
window the voltammogram is taken at various scaéestgpH and concentrations from the

Drop View Software.

3.14 Preparation of buffer solutions

Acetate Buffer Solution: To prepare acetate bufft 3.0-5.0) solution definite amount
of sodium acetate was dissolved in 0.1M acetic aci volumetric flask and the pH was
measured. The pH of the buffer solution was adguste further addition of acetic acid
and / or sodium acetate.

Phosphate Buffer Solution: Phosphate buffer satutjpH 6.0-8.0) was prepared by
mixing a solution of 0.1M sodium dihydrogen orthimegphate (NakPQs.2H.0) with a
solution of 0.1M disodium hydrogen ortho-phosph@iecHPQs.2H,0). The pH of the
prepared solution was measured with pH meter. HgdeoBuffer Solution: To prepare
hydroxide buffer (pH 9.0-11.0) solution definite @ammt of sodium hydroxide was
dissolved in 0.1M sodium bicarbonate in a voluntceftask. The pH of the prepared

solution was measured with pH meter.

Figure 3.1: Experimental setup (Software controRedentiostats (ustat 400))
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CHAPTER IV

Results and Discussion

The redox interaction of the isomers of dihydrosygbene for example catechol,
hydroquinone and resorcinol have been studied usiyaic voltammetry (CV) and
differential pulse voltammetry (DPV). The study wagarried out at
glassy carbon electrode (GC), Gold electrode (A Rlatinum electrode (Pt) in buffer

solution of different pH (3, 5, 7 and 9) at vari@esn rates and various concentrations.

4.1 Electrochemical behavior of Catechol, Resorcinol and Hydroquinone

Figure 4.1 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) irifbusolution of pH 7 of GC electrode
at scan rate 0.1V/s in the first scan of poten@atechol shows an anodic peak at 0.39V
and corresponding cathodic peak at 0.01V. The sparding peak potential difference is
0.38V which is higher than theoretical value. Thealp current ratio is 1.4. The
voltammogram is quasi-reversible. Resorcinol shams anodic peak at 0.77V and
corresponding cathodic peak is absent. The voltagnamo of resorcinol is irreversible.
Hydroquinone shows an anodic peak at 0.22V anaspanding cathodic peak at -0.11V.
The corresponding peak potential difference is\3.88ich is higher than theoretical value.
The peak current ratio is 1.1. The voltammograainsost reversible. The current potential
data, peak potential difference, peak current agak gurrent ratio data for first scan are
presented in Table 4.1-4.3. The anodic peak curantcatechol, resorcinol and

hydroquinone are almost equal at the same condition

Catechol showed one anodic peak related to itssfibamation to o-quinone and
corresponding cathodic peak related to its transédion to catechol frono-quinone
(Scheme 1) within a quasi-reversible two-electrangfer process. Resorcinol showed one
anodic peak related to its transformatiomtgquinone (Scheme 1) within a irreversible two-

electron transfer process. Hydroquinone showed anedic peak related to its
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transformation tg-quinone and corresponding cathodic peak relatéid toansformation

to hydroquinone fronmp-quinone (Scheme 1) within a reversible two-electti@nsfer
process. The anodic peak potential of resorcin@l/(@) is higher than the catechol (0.39V)
and catechol is higher than the hydroquinone (0)22vhong the isomers, the electron
transfer of hydroquinone is easier than the caleatbcatechol is easier than the resorcinol.
As-OH sites in resorcinol are connected wiga linkage, so the electron transfemadta
position is unfavorable (electron deficiency) tatttat apara (hydroquinone) oortho
(catechol) —position.

During the repetitive cycling of potential of catet and hydroquinone, the anodic and
cathodic peak current ratio is nearly unity that ba considered as criteria for the stability
of o-quinone oip-quinone produced at the surface of electrode. Aépetitive cycling of

potential of resorcinol the anodic peak currentreases abruptly may be due to the
formation of electro-inactive species on the etmt#r surface through polymerization or

chemical complications.

Figure 4.2 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) irifeusolution of pH 7 of Au electrode
at scan rate 0.1V/s in the first scan of potenkal. catechol, two anodic peaks appeared at
0.23V and 1.01V and corresponding cathodic peakeaned at -0.04V and 0.41V.The
corresponding peak potential differences are 0.2Rd 0.60V which are higher than
theoretical value. The corresponding first and sdgoeak current ratio afél.0 and 1.9
respectively. The first corresponding peak is rensbe whereas second one is quasi-
reversible. The first and second anodic peak piatletifference AE is 0.78V. Resorcinol
shows a broad anodic peak at 1.02V and correspgnchthodic peak at 0.37V. The
corresponding peak potential difference is 0.65VcWlis higher than theoretical value. The
peak current ratio i§R2. The voltammogram is quasi-reversible. For hydmogne, two
anodic peaks appeared at 0.21V and 1.01V and pomdsg cathodic peaks appeared at
-0.01V and 0.48 V. The corresponding peak potemnlitierences are 0.22V and 0.53V
which are higher than theoretical value. The c@wasing first and second peak current
ratio are[11.0 and 1.8 respectively. The first correspongiegk is reversible whereas

second one is quasi-reversible. The first andretemodic peak potential differends; is
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0.80V. The current potential data, peak potentiféicince, peak current and peak current

ratio data for first scan are presented in Table 4..6.

Catechol and hydroquinone at Au electrode showedl &wodic peaks related to its
transformation tm-quinone at two steps and corresponding cathodak pelated to its
transformation to catechol fromaquinone at two steps (Scheme 2) within a quasirsévie
two step two-electron transfer process. Resoraholved one anodic peak related to its
transformation tan-quinone and corresponding cathodic peak relatéd teansformation
to resorcinol fromm-quinone (Scheme 2) within a quasi-reversible twextebn transfer
process.

The anodic peak potential of resorcinol is higleethiat of catechol and catechol is higher
to that of hydroquinone which is similar to GC ¢tede.

When a compound containing two redox sites has l&de@ned redox state, thaE
corresponds to difference in the interaction en¢ddy For catechol and hydroquinone, the
AE is 0.78V and 0.80V respectively. If the differencehe interaction energy is estimated
only from the difference in the half wave potergtjake have

u'=F|(E) -(E) |12

The interaction energy of catechol and hydroquiremee37.63J and 38.60J respectively.
So the extent of delocalization of charge througényl ring of hydroquinone will be higher
than the catechol. Resorcinol shows only one anadit cathodic peak, -OH sites in
resorcinol are connected vieeta linkage, so the electron transfer rag¢ta position is
unfavorable due to the deficiency of electron.

The electronic communication between the redoxs dakes place through a conjugated
molecular bridge. The communication is manifestec anixed-valence (MV) state or an
intervalence transfer band. When redox centerc@amneected withr-conjugated linkers,
they often take mixed valence states owing to dsioation of the redox charge,
exemplified by dinuclear-metal complexes [7, 10, 3] and aryl amine derivatives [17,
23-32, 70]. Among the isomers, the electron transfehydroquinone is easier than the
catechol and catechol is easier than the resoréksolOH sites in resorcinol are connected
via meta linkage, so the electron transfer m&ta position is unfavorable (electron

deficiency) to that at para (hydroquinone) oortho (catechol) —position.
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Figure 4.3 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) iffeusolution of pH 7 of Pt electrode at
scan rate 0.1V/s in the first scan of potentiateChol shows an anodic peak at 0.39V and
corresponding cathodic peak at -0.07V. The cormediog peak potential difference is
0.46V which is higher than theoretical value. Thealp current ratio is nearly 0.75. The
voltammogram is quasi-reversible. Resorcinol shams anodic peak at 0.92V and
corresponding cathodic peak at -0.11V. The cormediog peak potential difference is
higher than theoretical value. The peak currett ig nearly 5. The voltammogram of
resorcinol is quasi-reversible. Hydroquinone shawsdic peaks at 0.35V and 0.87V and
corresponding cathodic peaks at -0.09V and 0.39% €orresponding peak potential
differences are 0.44V and 0.48V which are highanttneoretical value. The corresponding
first peak current ratio is 1.2. The first corres@img peak is reversible whereas second one
is quasi reversible. The first and second anodik potential differencé)E is 0.47V. The
corresponding interaction energy of hydroquinor22i$7J. So the extent of delocalization
of charge through phenyl ring of hydroquinone ighter than the catechol and resorcinol.
Resorcinol shows only one anodic and cathodic p€R,sites in resorcinol are connected
via meta linkage, so the electron transfer raéta position is unfavorable due to the
deficiency of electron. For catechol, the seconadanand cathodic peak is too weak to
determine the peak potential and peak current.

The current potential data, peak potential diffeegrpeak current and peak current ratio

data are presented in Table 4.7- 4.9.

Figure 4.4 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) irféusolution of pH 3 of GC electrode
at scan rate 0.1V/s in the first scan of potentaFigure 4.4 catechol shows an anodic peak
at 0.85V and corresponding cathodic peak at 0.08\é corresponding peak potential
difference is 0.79V. The peak current ratio is 1.1ke voltammogram is quasi-reversible.
Resorcinol shows an anodic peak at 1.08V and quurebng cathodic peak is absent. The
voltammogram of resorcinol is irreversible. Hydratpne shows an anodic peak at 0.71V
and corresponding cathodic peak at -0.07 V. Theesponding peak potential difference is
0.78V. The peak current ratio is 1.5. The voltamraagis almost reversible. The anodic

peak current of catechol is higher than resorcamol hydroquinone but both resorcinol and
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hydroquinone are almost equal at the same condiiomong the isomers, the electron

transfer of hydroquinone is easier than the caleatbcatechol is easier than the resorcinol.

Figure 4.5 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) irfeusolution of pH 3 of Au electrode
at scan rate 0.1V/s in the first scan of potentrak-igure 4.5, catechol shows two anodic
peaks at 0.57V and 1.35V and corresponding cathpelaks at 0.18V and 0.59V. The
corresponding peak potential difference are 0.39M 8.76V which is higher than
theoretical value. The peak current ratio are h@ @.41. The voltammogram is quasi-
reversible. Resorcinol shows two anodic peaks@ and 1.38V and corresponding two
cathodic peaks at -0.22V and 0.58V. Hydroquinor@ashtwo anodic peaks at 0.21V and
0.99V and corresponding cathodic peaks at 0.02V @a8V. The corresponding peak
potential difference are 0.19V and 0.45V. The peakent ratio is 0.79 and 0.30. The
voltammogram is almost reversible. The current pitae data, peak potential difference,
peak current and peak current ratio data for $icain are presented in Table 4.10- 4.12. The
anodic peak current of all isomers, catechol, @sol and hydroquinone are almost equal

at the same condition.

Catechol showed two anodic peaks related to itastommation too-quinone and
corresponding cathodic peaks related to its tranmsiton to catechol frono-quinone
(Scheme 2) within a quasi-reversible two-electrangfer process. Resorcinol showed one
anodic peak related to its transformatiomtguinone (Scheme 2) within a irreversible two-
electron transfer process. Hydroquinone showed anedic peak related to its
transformation tg-quinone and corresponding cathodic peak relateis toansformation

to hydroquinone fromp-quinone (Scheme 1) within a reversible two-electi@nsfer
process. Among the isomers, the electron transfamydroquinone is easier than the

catechol and catechol is easier than the resorcinol

Figure 4.6 shows the cyclic voltammogram of 2mMechbl (brown line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) iffeusolution of pH 3 of Pt electrode at
scan rate 0.1V/s in the first scan of potential Figure 4.6, catechol shows an anodic peak
at 0.68V and corresponding cathodic peak at -0.08\é peak current ratio is 1.0. The

voltammogram is quasi-reversible. Resorcinol shams anodic peak at 1.05V and
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corresponding cathodic peak at -0.02V. The peatentratio is 2.67. The voltammogram
of resorcinol is quasireversible. Hydroquinone skoan anodic peak at 0.66V and
corresponding cathodic peak at -0.04V. The cormediog peak potential difference is
0.70V which is higher than theoretical value. Tlefammogram is almost reversible. The
current potential data, peak potential differempagk current and peak current ratio data for

first scan are presented in Tables 4.13- 4.15.

Figures 4.7-4.9 shows the cyclic voltammogram of\VRrratechol (brown line), 2mM
resorcinol (blue line) and 2mM hydroquinone (gréea) in buffer solution of pH 5 of GC,
Au and Pt electrodes at scan rate 0.1V/s in teedaan of potential respectively. From these
Figure it is seen that the peak current and peakipo of catechol and hydroquinone are
closer but the behavior of resorcinol is differéfhe anodic peak is shifted positively. In
GC electrode resorcinol shows no cathodic peakedextro-inactive behavior. But, at Au
and Pt electrodes resorcinol shows anodic and syuoreling cathodic peak in first cycle

and second cycle also.

Figure 4.10 shows the cyclic voltammogram of 2mNechol (red line), 2mM resorcinol
(blue line) and 2mM hydroquinone (green line) irféusolution of pH 9 of GC electrode
at scan rate 0.1V/s in the first scan of potenkajure 4.10, catechol shows an anodic peak
at 0.18V and corresponding cathodic peak at -0.08)é peak current ratio is 1.77. The
voltammogram is quasi-reversible. Resorcinol shams anodic peak at 0.47V and
corresponding cathodic peak is absent. The voltagnamo of resorcinol is irreversible.
Hydroquinone shows an anodic peak at 0.06V anaespanding cathodic peak at -0.12V.
The corresponding peak potential difference is\@.\48ich is higher than theoretical value.
The peak current ratio is 0.91. The voltammogranmeversible. The current potential data,
peak potential difference, peak current and peatentratio data are presented in Table
4.16- 4.18.

Figures 4.11-4.12 shows the cyclic voltammogram2wiM catechol (red line), 2mM
resorcinol (blue line) and 2mM hydroquinone (gréea) in buffer solution of pH 9 of Au
and Pt electrodes at scan rate 0.1V/s in thedimdtsecond scan of potential respectively.
From these Figure it is seen that the anodic paalet and peak position of catechol and

hydroquinone are quite similar but the behavioresorcinol is different. The anodic peak
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resorcinol and hydroquinone is shifted positivebynpared with catechol. At Au and Pt
electrodes resorcinol shows corresponding anodicathodic peaks. But, at GC electrode
resorcinol shows only anodic peak in the first eycl

Figures 4.13, 4.14 and 4.15 shows CV graph of 2ratdahol, 2mM resorcinol and 2mM
hydroquinone in supporting electrolyte (1M KCI)@&E, Au and Pt electrode respectively.
In Figure 4.13 catechol and hydroquinone shows amodic and corresponding two
cathodic peaks but resorcinol shows irreversibledanpeak. In Figure 4.14 and 4.15 both
catechol and hydroquinone shows two pairs of regeaks at Au and Pt electrode but

resorcinol shows irreversible anodic peak in Ptnelg electroinactive at Au electrode.

4.2 Effect of pH of Isomers

The influence of pH on the cyclic voltammogram ofM catechol at GC (3 mm) electrode
in the first scan of potential was studied at pbtrir3 to 9 in Figure 4.16. The voltammetric
behavior of 2mM catechol at different pH are cortglle different whether shows one
anodic and one cathodic peak. At pH 3, the anodakpotential shows at 0.68V and
corresponding cathodic peak at 0.06V, whereas ab piHfound 0.5V & 0.06V, pH 7 it
found 0.39V & 0.0V, and pH 9 it found at 0.18V &06@V. It is shown that the anodic and
cathodic peak position shifted negatively from pteé H 9. The corresponding peak current
ratios of pH 3-7 are nearly unity which is closelte theoretical value of reversible process.
But at pH 9 the ratio is close to the theoretiale of quasi-reversible process. Also, it is
seen that in pH 7 the peaks are sharp and theqesdnt is higher than acidic and basic

medium. The peak position of the redox couple imtbto be dependent upon pH.

Figure 4.17 shows the plot of oxidation peak)(8éurrent,l, against pH of solution. It is
seen that the maximum peak current is obtainediat puggested that electron transfer is
most favorable in neutral media. Figure 4.18 shtwesplot of peak potentiaky values
against pH. As shown, the peak potential ferp&ak shifted to the negative potentials by
increasing pH. This is expected because of padiitp of proton in the transformation of
catechol too-quinone. From the Figure 4.18, the slope of thet plas determined
graphically as the anodic peak (69mV/pH for oxidatpeak A) at 0.1V/s, which is close
to the theoretical value (60 mV/pH) for one-elentrone-proton transfer process. This

indicates that the oxidation of the catechol prdegevia the 1&lH" processes. This also
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suggests that during the transformation not orggtebn but also proton are released from
the catechol.

The peak current ratiopgh/lpa1) increases with increasing pH. This suggeststtieatate of
reaction is pH dependent and enhanced by decreplingt pH 9, the difference between
the peak current ratiopth/ Ipaz) is maximum. Consequently, in this study buffduson of
pH 7 has been selected as suitable medium forretdemical study of catechol. This
ascribed that the electrochemical oxidation of dadé is facilitated in neutral media and
hence the rate of electron transfer is faster. fleighl9 shows the differential pulse
voltammogram (DPV) of 2mM catechol in different tarfsolution of GC electrode at scan
rate 0.1V/s. The peak positions are shifted imingative potential which is consistent with
CV graph.

The effect of pH on the cyclic voltammogram of 2neltechol at Au (1.6 mm) electrode
in the first scan of potential was studied at pohir3 to 9 in Figure 4.20. The influence of
pH for Au electrode in the same systems, the vattatric properties are some different
from GC electrode. However, the peak position efrdtdox species is found to be dependent
upon pH. Figure 4.21 shows the plots of oxidatieakpcurrentlp against pH of solution. It
is seen that the maximum peak current is obtaihgdHas attributed that reaction is most
favorable in neutral media. Figure 4.22 shows tbé @f the peak potential,pagainst pH

at first cycle in the same condition. The slopehaf plot was (45 mV/pH for anodic peak
A1) which is close to theoretical value for one al@at one proton transfer process. Figure
4.23 shows the differential pulse voltammogram (DBV2mM catechol in different buffer
solution of Au electrode at scan rate 0.1V/s. Taakppositions are shifted in the negative
potential which is consistent with CV graph.

CV of catechol at Platinum (Pt) (1.6 mm) electram¢he first scan of potential was also
studied in pH 3 to 9 in Figure 4.24. The peak pasiand peak current of the redox element
is found to be dependent upon pH. Figure 4.25 shbegplot of oxidation peak curreng, |
against pH of solution. It is seen that the maxinpeak current is obtained at pH 7. Figure
4.26 shows the plot of peak potential, Vs pH. The slope of the plot was 55 mV/pH which
close to the value of one electron, one protonsteanprocess. Figure 4.27 shows the
differential pulse voltammogram (DPV) of 2mM catechn different buffer solution of Pt

electrode at scan rate 0.1V/s.
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The influence of pH on the cyclic voltammogram ofM resorcinol at GC (3 mm) electrode
in the first scan of potential was studied at psfrir3 to 9 in Figure 4.28. The voltammetric
behavior of 2mM resorcinol at different pH are coetgly different whether shows one
anodic peak and being irreversible. At pH 3, thedam peak potential shows at 1.08V
whereas at pH 5 it found 0.85V, pH 7 it found 0.7avd pH 9 it found at 0.48V( Figure
4.28). It is seen that the anodic position shiftedatively from pH 3 to pH 9. In pH 7 the
peaks are sharp and the peak current is higherabiaic and basic medium. The peak

position of the redox couple is found to be depenhdeon pH.

Figure 4.29 shows the plot of oxidation peak)(8urrent,l, against pH of solution. It is
seen that the maximum peak current is obtainedHat puggested that electron transfer is
most favorable in neutral media. Figure 4.30 shiwvesplot of peak potentiak, values
against pH. As shown, the peak potential farp&ak shifted to the negative potentials by
increasing pH. This is expected because of padiicp of proton in the transformation of
resorcinol tom-quinone. From the Figure 4.30, the slope of that plas determined
graphically as the anodic peak (73mV/pH for oxidatpeak A) at 0.1V/s, which is close
to the theoretical value (60mV/pH) for one-electrame-proton transfer process. This
indicates that the oxidation of the resorcinol geaed via the 1/8H" processes. This also
suggests that during the transformation not orggtebn but also proton are released from
the resorcinol.

In this study buffer solution of pH 7 has been celd as suitable medium for
electrochemical study of resorcinol. This ascribledt the electrochemical oxidation of
resorcinol is facilitated in neutral media and reetive rate of electron transfer is faster.
Figure 4.31 shows the differential pulse voltamnaogr(DPV) of 2mM resorcinol in
different buffer solution of GC electrode at scater0.1V/s. The peak positions are shifted

in the negative potential which is consistent vi@¥ graph.

The effect of pH on the cyclic voltammogram of 2m@éorcinol at Au (1.6 mm) electrode
in the first scan of potential was studied at pbtrfr3 to 9 in Figure 4.32. The influence of
pH for Au electrode in the same systems, the vattatric properties are some different
from GC electrode. However, the peak position efrdtdox species is found to be dependent

upon pH. Figure 4.33 shows the plots of oxidatieakpcurrentlp against pH of solution. It
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is seen that the maximum peak current is obtaihgdHas attributed that reaction is most
favorable in neutral media. Figure 4.34 shows ibe qf the peak potential,fagainst pH
at first cycle in the same condition. The slopeahaf plot was (65mV/pH for anodic peak
A1) which is close to theoretical value for one el@tt one proton transfer process.

CV of resorcinol at Platinum (Pt) (1.6 mm) electad the first and second scan of potential
was also studied in pH 3 to 9 in Figure 4.36. Téakposition and peak current of the redox
element is found to be dependent upon pH. FiguBé dhows the plot of oxidation peak
current, b against pH of solution. It is seen that the maximqueak current is obtained at
pH 7. Figure 4.38 shows the plot of peak potentglys pH. The slope of the plot was
49mV/pH which close to the value of one electrame proton transfer process.

The influence of pH on the cyclic voltammogram ofM hydroquinone at GC (3 mm)
electrode in the first scan of potential was stddié pH from 3 to 9 in Figure 4.40. The
voltammetric behavior of 2mM hydroquinone at diffet pH are completely different
whether shows one anodic and one cathodic pegid A, the anodic peak potential shows
at 0.58V and corresponding cathodic peak at 0.@dh&reas at pH 5 it found 0.43V & -
0.05V, pH 7 it found 0.24V & -0.10V, and pH 9 ituiod at 0.06V & -0.13V. It is shown
that the anodic and cathodic peak position shiftedatively from pH 3 to pH 9. The
corresponding peak current ratios of pH 3-9 arelpeaity which is close to the theoretical
value of reversible process. Also, it is seen thgiH 7 the peaks are sharp and the peak
current is higher than acidic and basic medium. pé&k position of the redox couple is

found to be dependent upon pH.

Figure 4.41 shows the plot of oxidation peak)(8éurrent,l, against pH of solution. It is
seen that the maximum peak current is obtainediat puggested that electron transfer is
most favorable in neutral media. Figure 4.42 shtwvesplot of peak potentiaky values
against pH. As shown, the peak potential ferp&ak shifted to the negative potentials by
increasing pH. This is expected because of padiitp of proton in the transformation of
hydroquinone t-quinone. From the Figure 4.42, the slope of tha plas determined
graphically as the anodic peak (75mV/pH for oxidatpeak A) at 0.1V/s, which is close
to the theoretical value (60 mV/pH) for one-elentrone-proton transfer process. This

indicates that the oxidation of the hydroquinonecpeded via the 1&H* processes. This
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also suggests that during the transformation nbt electron but also proton are released
from the hydroquinone.

The peak current ratiopgh/Ipa1) increases with increasing pH. This suggeststtieatate of
reaction is pH dependent and enhanced by decrepbinin this study buffer solution of
pH 7 has been selected as suitable medium foretdamical study of hydroquinone. This
ascribed that the electrochemical oxidation of bgdinone is facilitated in neutral media
and hence the rate of electron transfer is fafigure 4.43 shows the differential pulse
voltammogram (DPV) of 2mM hydroquinone in differéniffer solution of GC electrode
at scan rate 0.1V/s. The peak positions are shiftethe negative potential which is

consistent with CV graph.

The effect of pH on the cyclic voltammogram of 2nfiyidroquinone at Au (1.6 mm)
electrode in the first scan of potential was stddié pH from 3 to 9 in Figure 4.44. The
influence of pH for Au electrode in the same systetine voltammetric properties are some
different from GC electrode. However, the peak pasiof the redox species is found to be
dependent upon pH. Figure 4.45 shows the plotgidation peak current, against pH of
solution. It is seen that the maximum peak curieabtained at pH 7 attributed that reaction
is most favorable in neutral media. Figure 4.46wshthe plot of the peak potential, E
against pH at first cycle in the same conditione Bfope of the plot was (73mV/pH for
anodic peak A which is close to theoretical value for one elett one proton transfer
process. Figure 4.47 shows the differential pulsdgtasnmogram (DPV) of 2mM
hydroquinone in different buffer solution of Au eleode at scan rate 0.1V/s. The peak

positions are shifted in the negative potentialolhs consistent with CV graph.

CV of hydroquinone at Pt (1.6 mm) electrode infils scan of potential was also studied
in pH 3to 9 in Figure 4.48. The peak position padk current of the redox element is found
to be dependent upon pH. Figure 4.49 shows theogploxidation peak current, hgainst
pH of solution. It is seen that the maximum peakent is obtained at pH 7. Figure 4.50
shows the plot of peak potential, €& pH. The slope of the plot was 51mV/pH whichselo

to the value of one electron, one proton transfecgss.
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4.3 Effect of scan rate

Figure 4.52 shows the CV of first cycle of 2mM cdtel of GC (3 mm) electrode in buffer
solution (pH 3) at different scan rates. The peakrent of both the anodic and the
corresponding cathodic peaks increases with the@sing of scan rate. The cathodic peaks
are shifted towards left and the anodic peaksatied right direction with increase in scan
rate. As can be seen in Figure 4.52 the cathodik f@ reduction ob-benzoquinone is
very small in the scan rate of 0.05V/s. By incregdhe scan rate, the cathodic peak for
reduction ofo-benzoquinone begins to appear and increase. Tdwcaand cathodic peak
current, peak current ratio and peak potentiakdéifice are tabulated in Tables 4.19. Figure
4.53-4.55 shows the CV at different scan rate ifst tycle of 2mM catechol at different
pH (5-9). Figure 4.56-4.59 shows the plots of thedic and cathodic net peak currents
against the square-root of the scan rates at the sandition. The nearly proportionality of
the anodic and the cathodic peaks for the studigdHesuggests that the peak current of the
reactant at each redox reaction is controlled iyslon process. Although most of the lines
have non zero intercept.

Figure 4.59 shows the plots of the anodic and clithaet peak currents of 2mM catechol
for first cycle against the square-root of scaesathere the net current means the second
peak subtracted from the first one by the scanpgdpmethod [18, 33-34]. The nearly
proportionality of the anodic and correspondinghodic peaks suggests that the peak
current of the reactant at each redox reactioromdrolled by diffusion process [71]. The
reactivity of catechol is pH dependent. So thearalhetric behavior of the above isomer

verified at different pH and scan rate.

Figure 4.60-4.63 shows the CV of first scan at Aacieode of 2mM catechol in different
buffer solution (pH 3 to 9). The peak current oftbthhe anodic and cathodic peaks increases
with the increase of scan rate. Figure 4.64-4.@fvslthe plots of the anodic and cathodic
peak currents for the first scan of potential agiasiguare-root of the scan rates. Figure 4.68-
4.71 shows the CV of first scan of potential of 2neitechol of Pt electrode at scan rate
from 0.05V/s to 0.50V/s. The peak current of bétd anodic and cathodic peaks increases
with the increase of scan rate. Figure 4.72 -4hithvs the plots of the anodic and cathodic
peak currents for the first scan of potential aglasguare-root of the scan rates of 2mM

catechol. A typical observation was found for tpeaes of the redox isomer was linearly
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increased with the square root of scan rate foaAd Pt electrodes, suggesting diffusion

controlled process.

The reactivity of resorcinol is pH dependent. Se ¥bltammetric behavior of the isomer
verified at different pH and scan rate. Figure 478 show the CV at different scan rate
for first cycle of 2mM resorcinol at different pid (o 9). From the Figures it is seen that the
voltammograms at all pH is irreversible. At diffatescan rate the cathodic peak is almost
absent, with the increasing of scan rate anodik {gsgacreased. Figure 4.80-4.83 shows the
plots of the anodic net peak currents against ¢uare-root of the scan rates at the same
condition. The anodic peak for the studied all pidrfd to be linear. Although all of the
lines have non zero intercept. Figures 4.84-4.8V 482-4.95 shows the CV and Figures
4.88-4.91 and 4.96-4.99 shows net peak currengjuare root of scan rates in different
buffer solution for first cycle at Au and Pt elexde respectively. At the Au electrode it is
seen that the voltammograms at all pH is reverdibieat Pt electrode it shows quasi
reversible which are dissimilar from GC electroderesorcinol.

Figures 4.100-4.103, 4.108-4.111 and 4.116-4.1d%slihe CV and Figures 4.104-4.107,
4.112-4.115 and 4.120-4.123 shows the plots oattwalic and cathodic net peak currents
against the square-root of the scan rates at GGnAlUPt electrodes respectively for first
cycle of 2mM hydroquinone in different pH (3 to 9he peak current of both the anodic
and cathodic peaks increases with the increaseanf sate. The nearly proportionality of
the anodic and the cathodic peaks for the studigdHesuggests that the peak current of the

reactant at each redox reaction is controlled Hyslon process.

4.4 Effect of electrode materials

Electrochemical properties of pure catechol wasmexed by different electrodes for
example Glassy carbon (GC), Gold (Au) and Platirié) in the buffer solution pH 7 at
scan rate 0.1 V/s. The Cyclic voltammograms of 2oatchol at GC, Au and Pt electrodes

in the first scan of potential are shown in Figdre24.

The nature of voltammograms, the peak position emdent intensity for the studied
systems are different for different electrodesaltfh the diameter of GC electrode (3 mm)

is higher than Au and Pt (1.6 mm) electrodes. Theo€ Au electrode is significantly
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different from those of the GC and Pt electrodesth& Au electrode it shows two anodic
and two cathodic peaks for the first scan of padaé(Figure 4.124). In case of GC electrode
it shows one anodic and one cathodic peak for itise $can of potential whereas at Pt
electrode it shows one anodic and correspondindhodat peak. Voltammetric
measurements performed at Au electrode in onlyelb@iblution of without catechol at pH
7, showed a peak at 1.1 V to the formation of Aufilydroxide. Consequently, the third
peak (1.08 V) of Au electrode in presence of cateahpH 7 is due to the oxidation of Au
in buffer solution. Electrochemical properties atechol for example change of pH, scan
rate etc. were studied in detail using Pt and Aactebdes. But among the electrodes, the
voltammetric response of GC electrode was bettar Bt and Au electrodes in the studied

systems.

The Cyclic voltammograms of 2mM resorcinol at G@, &d Pt electrodes in the first scan
of potential are shown in Figure 4.125. The natdinoltammograms, the peak position and
current intensity for the studied systems are dhffie for different electrodes although the
diameter of GC electrode (3 mm) is higher than Ad Bt (1.6 mm) electrodes. The CV of

GC electrode is significantly different from thasfehe Au and Pt electrodes. At the Au and
Pt electrodes shows one anodic and one cathodkcfpethe first scan of potential (Figure

4.125). In case of GC electrode it shows one anpeik and no cathodic peak for the first
scan of potential. Electrochemical properties gbreinol for example change of pH, scan
rate etc. were studied in detail using GC, Pt ancekectrodes. But among the electrodes,
the voltammetric response of GC electrode was reiffiethan Pt and Au electrodes in the

studied systems.

The Cyclic voltammograms of 2mM hydroquinone at @@G,and Pt electrodes in the first
scan of potential are shown in Figure 4.126. AtAlueelectrode it shows two anodic and
two cathodic peaks for the first scan of potenfidbure 4.126). In case of GC and Pt
electrode shows one anodic and one cathodic pedkddirst scan of potential. Among the
electrodes, the voltammetric response of GC eldetveas better than Pt and Au electrodes
in the studied systems. At GC electrode the anpdak and cathodic peak are sharp than

another electrodes. So, the reaction easily ocdwatréhe surface of GC electrode.
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4.5 Electrochemical behavior of dihydroxybenzeneisomers + sulfanilic acid

Figures 4.127-4.128 show the comparison of purectal, pure sulfanilic acid and catechol
with sulfanilic acid in the first and second scdmotential respectively of GC electrode in
pH 7 at scan rate 0.1V/s. In the second cycle (Eigul28), the cyclic voltammogram of
catechol (red line) displays one anodic peak a¥ @5d corresponding cathodic peak at -
0.04V connected to its transformationaauinone and vice versa. Pure sulfanilic acid is
electrochemically active having anodic peak 0.96M aorresponding cathodic peak at
0.06V in the potential range studied (Figure 4.1@®&en line). Figure 4.128 (blue line)
shows the CV of catechol (2mM) in the presenceutfasilic acid (2mM) in the second
scan of potential in the same condition. In theosd cycle of potential catechol with
sulfanilic acid shows three anodic peaks at 0.12¥4V and 0.96V and the corresponding
three cathodic peaks at - 0.26V, 0.21V and 0.82%¥peetively. The nature of
voltammogram of catechol in presence of sulfamit is quasi-reversible. Upon addition
of sulfanilic acid to catechol solution, the catlwopeak G shifted negatively. Also, in the
second cycle of potential a new anodic pealappears and anodic peaksahd A shifted.

In the first scan of potential, the anodic pealcatiechol in presence of sulfanilic acid is
very similar to pure catechol and pure sulfanib@gFigure 4.127). But in the second scan
of potential appearance of new peakafad shifting of A, A2 and G peaks positions, which
is indicative of a chemical reaction of sulfanidicid ) with theo-quinone {a) produced

at the surface of electrode (Scheme 2)[72]. Inctiee of catechol in presence of sulfanilic
acid, the oxidation of sulfanilic acid substitutethienzoquinone is easier than the oxidation
of parent catechol. This behavior is in agreemettt that reported by other research groups
for similar electrochemically generated compoundghs as catechol and different
nucleophiles [58, 60, 73-75]. In the absence béohucleophiles, water or hydroxide ion
often adds to the-benzoquinone.

The corresponding peak potential differenc&B)(in the first scan of potential of 2mM
catechol + 2mM sulfanilic acid at GC electrode tabulated in Table 4.20. The peak
potential differences are usually independent ehs@te. The peak separation potential
increases with the increasing of scan rate thatawels there is a limitation according to

ohomic potential drop or charge transfer kinet&2] [
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Figures 4.129-4.130 show the comparison of purerce®l, pure sulfanilic acid and
resorcinol with sulfanilic acid in the first andcemd scan of potential respectively of GC
electrode in pH 7 at scan rate 0.1V/s. In the sgéooycle (Figure 4.130), the cyclic
voltammogram of resorcinol (red line) displays aatanodic peak at (0.77V) and having
no corresponding cathodic peak. Pure sulfanilid asielectrochemically active having
anodic peak 0.96V and corresponding cathodic pe@l&V in the potential range studied.
Figure 4.130 (blue line) shows the CV of resorcif2ohM) in the presence of sulfanilic acid
(2mM) in the second scan of potential in the saomgltion. In the second cycle of potential
catechol with sulfanilic acid shows one small aogoeaks at 0.78V and corresponding
cathodic peak absent. The nature of voltammogrdmessorcinol in presence of sulfanilic
acid is irreversible. In the first scan of potehtthe anodic peak of resorcinol in presence
of sulfanilic acid is similar to pure resorcinolcapure sulfanilic acid (Figure 4.129). But in
the second scan of potential appearance of pedtinghof A: peak position, which is
indicative of a chemical reaction of sulfanilic &¢2) with them-quinone (a) produced at

the surface of electrode (Scheme 2).

Figures 4.131-4.132 show the CV of 2mM hydroquinaiy 2mM sulfanilic acid in the
first and second scan of potential at GC (3 mmjtedele in pH 7. In Figure 4.131, the first
scan of potential hydroquinone shows one anodi&k @¢e0.23Vand the corresponding
cathodic peak at -0.08V. In the second scan ofrpatgFigure 4.132) hydroquinone with
sulfanilic acid shows two anodic peaks at 0.4V7¥.@nd the corresponding two cathodic
peaks at -0.18V, 0.87V. Upon addition of sulfaniéicid to hydroquinone solution, the
cathodic peak QOncreases. Also, in the second scan of potentiatliarnpeaks A and A
shifted. This observation can be stated by conisigerucleophilic attack of sulfanilic acid
to p-benzoquinone. The peak potential, correspondirak gmtential differences, peak
current in the first scan of potential of 2mM hyguimone + 2mM sulfanilic acid at GC

electrode are tabulated in Table 4.21.

Figure 4.133 show the CV of 2mM catechol + 2mMauilic acid, 2mM resorcinol + 2mM
sulfanilic acid and 2mM hydroquinone + 2mM sulfandcid in the second scan of potential
at GC (3 mm) electrode in pH 7. Catechol + sulfaratid shows electro-activity having a
new anodic peak in the negative potential compuiiéu catechol peak (A in the second

scan of potential. Resorcinol + sulfanilic acid wlcelectro-inactivity in the second cycle.

51



Results and Discussion Chapter 1V

Hydroquinone + sulfanilic acid shows electro-adjiiaving a very weak new anodic peak
(Ao) in the second scan of potential.

Among the isomers, the electron transfer of catesheasier than the hydroquinone and
hydroquinone is easier than the resorcinol. As €Mds in resorcinol are connected via
meta linkage, so the electron transfemadta position is unfavorable (electron deficiency)

to that at gara (hydroquinone) oortho (catechol) —position.

Figure 4.134 show the differential pulse voltamnaogr(DPV) of 2mM catechol + 2mM
sulfanilic acid, 2mM resorcinol + 2mM sulfanilic idcand 2mM hydroquinone + 2mM
sulfanilic acid in the second scan of potentiaG& (3 mm) electrode in pH 7. In Figure
4.134, the second scan of potential catechol -asili¢ acid shows four anodic peaks at -
0.09V, 0.05V, 0.34V and 0.91V. Resorcinol + sulfanacid shows two anodic peaks at
0.08V, 0.68V. Hydroquinone + sulfanilic acid shathveee anodic peaks at -0.04 V, 0.28 V,
1.0 V. In the second scan of potential two new anpeaks appears for catechol + sulfanilic
acid, one for hydroquinone + sulfanilic acid andheav peak for resorcinol + sulfanilic acid.
This observation can be stated by considering opbléic attack of sulfanilic acid to-
guinone is much easier than other isomers.

Figures 4.135-4.136 show the comparison of purctal, pure sulfanilic acid and catechol
with sulfanilic acid in the first and second scdrpotential respectively of Au electrode in
pH 7 at scan rate 0.1V/s. In the second cycle {Eigul36), the cyclic voltammogram of
catechol (red line) displays two anodic peaks a23@ and 0.96V) and corresponding
cathodic peak at (0.09V and 0.4V) connected taréissformation ta-quinone and vice
versa. Pure sulfanilic acid is electrochemicallyivac having anodic peak 1.03V and
corresponding cathodic peak at 0.41V in the patéméinge studied (Figure 4.136, green
line). Figure 4.136 (blue line) shows the CV ofexditol (2mM) in the presence of sulfanilic
acid (2mM) in the second scan of potential in thmea condition. In the second cycle of
potential catechol with sulfanilic acid shows thae@dic peaks at -0.05V, 0.16V and 0.89V
and the corresponding three cathodic peaks atV0.Q®9V and 0.4V respectively. The
nature of voltammograms of catechol in presenaeilf@nilic acid is quasi-reversible. Upon
addition of sulfanilic acid to catechol solutiohetcathodic peakiGhifted negatively. Also,
in the second cycle of potential a new anodic peakppears and anodic peaksakhd A
shifted. In the first scan of potential, the anopéak of catechol in presence of sulfanilic

acid is very similar to pure catechol and puressiilic acid (Figure 4.135). But in the second
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scan of potential appearance of new pealard shifting of A, A2 and G peaks positions,
which is indicative of a chemical reaction of suoifec acid ) with the o-quinone {a)

produced at the surface of electrode (Scheme 2).

Figures 4.137-4.138 show the CV of first and secnah of potential of 2mM resorcinol +
2mM sulfanilic acid at Gold (Au) (1.6mm) electroidepH 7 and at scan rate 0.1V/s. Figure
4.137 shows the cyclic voltammogram of only 2mMoresol (red line), pure sulfanilic
acid (green line) and resorcinol (2mM) with sulfanacid (2mM) (blue line) in the first
scan of potential at the same condition. A new cédao peak (@) appears at 0.28V after
the addition of 2mM sulfanilic acid to the solutiansecond scan of potential (Figure 4.138).
The peak current decreases significantly with retsjpethe only resorcinol. In Figure 4.138,
the second scan of potential resorcinol with sulifaacid shows one anodic peaks at 1.05V
and the corresponding cathodic peak at 0.37V. W@alition of sulfanilic acid to resorcinol
solution, the cathodic peak @ecreases. Also, in the second scan of potemitalia peak
A1 decreases with respect of pure resorcinol andsulfanilic acid similar to GC electrode.
This observation can be stated by considering opbléic attack of sulfanilic acid to-

benzoquinone which is not observed in the CV graph.

The comparison of CV of pure hydroquinone (red)lipeire sulfanilic acid (green line) and

hydroquinone with sulfanilic acid (blue line) of Aslectrode in the first and second scan of
potential at the same condition are shown in Figdr&39-4.140. The CV of hydroquinone

in presence of sulfanilic acid shows two anodickgeat 0.37 V, 1.03V and two cathodic

peaks at -0.1 V, 0.6V, respectively in the secarahsof potential (Figure 4.140). In the

second scan of potential no new oxidation peak agpdhe peak position of the CV of

hydroquinone with sulfanilic acid in the secondleywas shifted positively and the anodic

and cathodic peak current increases. The peakntupeak potential, corresponding peak
potential differencesAE) in the first scan of potential of 2mM hydroquieo+ 2mM

sulfanilic acid at Au electrode are tabulated iml€ad.24.

Figure 4.142 shows the differential pulse voltammaag (DPV) of 2mM catechol + 2mM
sulfanilic acid, 2mM resorcinol + 2mM sulfanilic idcand 2mM hydroquinone + 2mM
sulfanilic acid in the second scan of potentiahat(1.6 mm) electrode in pH 7. In Figure

4.142, the second scan of potential of catechalfamsilic acid shows three anodic peaks at
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-0.04V, 0.16V, 0.88V and Resorcinol + sulfaniliagchshows two anodic peaks at 0.88V,
0.68V and Hydroquinone + sulfanilic acid shows tawodic peaks at 0.23V, 0.37V
respectively. In the second scan of potential oge anodic peaks appears for catechol +
sulfanilic acid, no new peak for hydroquinone Hauilic acid and resorcinol + sulfanilic
acid. This observation can be stated by considenirgdeophilic attack of sulfanilic acid to

o-quinone is much easier than other isomers.

Figure 4.143-4.144 show the CV of 2mM catechol M sulfanilic acid in the first and
second scan of potential at Pt (1.6 mm) electrodeH 7. In Figure 4.144, the second scan
of potential catechol with sulfanilic acid showseé anodic peaks at 0.09V, 0.44V and
0.98V and the corresponding three cathodic peaksO&5V, -0.05V and 0.79V,
respectively. Upon addition of sulfanilic acid tatechol solution, the cathodic peak C
decreases. Also, in the second scan of potential\aanodic peak fappears and anodic
peak A and A shifted. This observation can be stated by consigaucleophilic attack
of sulfanilic acid too-benzoquinone. The peak potential, correspondirak getential
differences, peak current in the first scan of pt& of 2mM catechol + 2mM sulfanilic
acid at Pt electrode are tabulated in Table 4.28Wve considered the second cycle Figure
4.146 (blue line) shows the CV of resorcinol (2rmidhe presence of sulfanilic acid (2mM)
in the same condition shows no new anodic peakcanedsponding cathodic peak. The
nature of voltammograms of resorcinol in preserfceutianilic acid is quasireversible. In
the first scan of potential (Figure 4.147) hydrauuie with sulfanilic acid shows two anodic
peaks at 0.42V, 1.06V and the corresponding twioatht peaks at -0.14V, 0.87V. Also, in
the second scan of potential a very small new anpeéak appeared at 0.02V and anodic
peaks A and A shifted. This observation can be stated by consigeucleophilic attack
of sulfanilic acid top-benzoquinone. The peak potential, correspondirak getential
differences, peak current in the first scan of pté of 2mM hydroquinone + 2mM

sulfanilic acid at Pt electrode are tabulated ibl&&.25.

Figure 4.149 shows the CV of 2mM catechol + 2mMasulic acid, 2mM resorcinol +
2mM sulfanilic acid and 2mM hydroquinone + 2mM aulilic acid in the second scan of
potential at Pt (1.6 mm) electrode in pH 7. Figdré50 show the differential pulse
voltammogram (DPV) of 2mM catechol + 2mM sulfanificid, 2mM resorcinol + 2mM

sulfanilic acid and 2mM hydroquinone + 2mM sulfandcid in the second scan of potential
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at Pt (1.6mm) electrode in the same condition.ifuie 4.150, the second scan of potential
catechol + sulfanilic acid shows a new anodic pageared at -0.06V. But, resorcinol +

sulfanilic acid and hydroquinone + sulfanilic agldows no appeared anodic peak. This
observation can be stated by considering nucleigpdtiiack of sulfanilic acid to-quinone

is much easier than other isomers.

4.6 Effect of scan rate of different isomer + sulfanilic acid

Figures 4.151-4.153 show the CV of second scanoténpial at GC electrode of 2mM
catechol + 2mM Sulfanilic, 2mM resorcinol + 2mM &uililic acid and 2mM
hydroquinone + 2mM Sulfanilic acid respectively jpiH 7. The voltammograms of
resorcinol at GC electrode is seen that irrevezsid@havior, here redox couple shows no
cathodic peak. The peak current of both the anadd cathodic peaks increases with the
increase of scan rate. The anodic peaks are shdfteatds right and the cathodic peaks are
to the left direction except resorcinol. It is sdleat in Figures 4.151-4.153, the anodic and
cathodic peaks are very small in the scan rate@3\0s. By increasing the scan rate, the
anodic peaks begin to appear and increase. Figutég- 4.156 shows the plots of peak
currents against square-root of the scan ratesaoingl scan of potential at GC electrode of
2mM catechol + 2mM Sulfanilic acid , 2mM resorciroPmM Sulfanilic acid and 2mM
hydroquinone + 2mM Sulfanilic acid respectivelyphl 7. Where the net peaks current
means the second peak subtracted from the firdbpitige scan stopped method. The nearly
proportionality of the anodic and cathodic peakggest that the peak the current of the
reactant at each redox reaction is controlled Hyslon process. Figures 4.157-4.159 show
the CV of 2mM catechol + 2mM Sulfanilic, 2mM resioi@ + 2mM Sulfanilic acid and
2mM hydroquinone + 2mM Sulfanilic acid of seconars®f potential at Au electrode
respectively. The voltammograms at Au electrode,pibak current of both the anodic and
cathodic peaks increases with the increase of stan Figures 4.160-4.162 show plots of
peak current versus square-root of the scan ratdeeisame condition at Au electrode. A
typical observation was found for the species ef iddox system was linearly increased

with the square root of scan rate for Au electraaggesting diffusion controlled process.

Figures 4.163-4.165 show the cyclic voltammograms RBigures 4.166-4.168 shows the

plots of peak currents versus square-root of the sates of second scan of potential at Pt
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electrode of 2mM catechol, 2mM resorcinol and 2mydirbquinone in the presence of
2mM Sulfanilic in pH 7 respectively. The voltammetbehavior of the above system are

similar to the GC and Au electrode.

4.7 Effect of Electrode materials on isomers + sulfanilic acid

Electrochemical properties of 2mM catechol in pnegeof 2mM Sulfanilic acid was
examined by different electrodes for example Glassipon (GC), Gold (Au) and Platinum
(Pt) in the buffer solution pH 7 at scan rate 0/$.\he Cyclic voltammograms of 2mM
catechol in presence of 2mM Sulfanilic acid at @G ,and Pt electrodes in the second scan

of potential are shown in Figure 4.169.

The nature of voltammograms, the peak position emdent intensity for the studied
systems are different for different electrodesaltfh the diameter of GC electrode (3 mm)
is higher than Au and Pt (1.6 mm) electrodes. TNeo€ Au electrode is significantly
different from those of the GC and Pt electrodésAhand Pt electrode it shows two anodic
and two corresponding cathodic peaks for the seocbmatential in Figure 4.169. In case
of GC electrode it shows three anodic (0.11V, 0.4hd 0.96V) and three corresponding
cathodic peaks for the second scan of potentiase&bnd scan it shows one new anodic
peak at 0.11V which indicate that reaction happenehe surface of GC electrode.
Voltammetric measurements performed at Au electiodmly buffer solution of without
catechol at pH 7, showed a peak at 1.1V to the dion of Au (Ill) hydroxide.
Consequently, the third peak (1.08V) of Au electradpresence of catechol at pH 7 is due
to the oxidation of Au in buffer solution [76]. Ekeochemical properties of catechol for
example change of pH, scan rate etc. were studiddtail using Pt and Au electrodes. But
among the electrodes, the voltammetric respon&Coélectrode was better than Pt and Au

electrodes in the studied systems.

The Cyclic voltammograms of 2mM resorcinol in prese of 2mM Sulfanilic acid at GC,
Au and Pt electrodes in the second scan of potewashown in Figure 4.170. The nature
of voltammograms, the peak position and currergnisity for the studied systems are
different for different electrodes although therdeter of GC electrode (3 mm) is higher
than Au and Pt (1.6 mm) electrodes. The CV of G&tebde is significantly different from
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those of the Au and Pt electrodes. At Au and Riteddes both show two anodic and two
cathodic peaks for the seconf scan of potentiguffe 4.170). In case of GC electrode it
shows two anodic peaks and no cathodic peak fosg¢hend scan of potential. In second
scan there is on appeared anodic and cathodic Resttrochemical properties of resorcinol
for example change of pH, scan rate etc. were etiugh detail using GC, Pt and Au

electrodes. But among the electrodes, the voltanmnetsponse of GC electrode was

different than Pt and Au electrodes in the studigstems.

The Cyclic voltammograms of 2mM hydroquinone at G@, and Pt electrodes in the
second scan of potential are shown in Figure 4. AT Au and Pt electrode it shows two
anodic and two cathodic peaks for the second stpatential Figure 4.171. In case of GC
electrode it shows two anodic and two cathodic pdak the first scan of potential but it
shows a weak appeared anodic (0.01V) and cathash& p second scan. Among the
electrodes, the voltammetric response of GC eldetveas better than Pt and Au electrodes
in the studied systems. At GC electrode the anpdak and cathodic peak are sharp than
another electrodes. So, the reaction easily ocdwatréhe surface of GC electrode.

4.8 Subsequent cyclesof CV of isomers + sulfanilic acid

Figures 4.172-4.174 shows the cyclic voltammograhtke first 5 cycles of 2mM catechol
with 2mM Sulfanilic acid of GC, Au and Pt electredespectively in buffer solution of pH
7. The voltammogram at the scan rate 0.1 Was two anodic peaks at 0.37V and 0.95V
and three cathodic peaks at -0.15V, 0.11V and 0.86€n considered the first scan of
potential (dot line) at GC electrode. In the sulosed potential cycles a new anodic peak
appeared at ~ - 0.08V and intensity of the first #ie second anodic peak current decreased
progressively and shifted positively on cycling.idflban be attributed to produce of the
catechol-sulfanilic acid adduct through nucleoghdubstitution reaction in the surface of
electrode (Scheme 1) [72]. The successive decradle height of the catechol oxidation
and reduction peaks with cycling can be ascribethéfact that the concentrations of
catechol-sulfanilic adduct formation increased hyliog leading to the decrease of
concentration of catechol or quinone at the eleletsurface. The positive shift of the second
anodic peak in the presence of sulfanilic acidabpbly due to the formation of a thin film
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of product at the surface of the electrode, inmgito a certain extent the performance of

electrode process.

The effect of the cyclic voltammograms of the fisstycles of 2ZmM Catechol with 2mM
sulfanilic acid of Au electrode and Pt electrodéirifer solution of pH 7 were also studied
in the same condition. In Figure 4.173 at Au elzaérthere were two anodic peaks at 0.27V
and 1.01V and three cathodic peaks at - 0.11V,\0drkd 0.49V respectively in the first
scan of potential (dot line). In the subsequenhsifgpotential Au electrode shows a new
anodic peak at 0.02V with another three anodic pélallack line). But at Pt electrode there
was two anodic peaks at 0.45V and 0.99V and cooretipg two cathodic peaks at - 0.01V
and - 0.19V in the first scan of potential (doelifFigure 4.174). In the subsequent potential
cycles a new anodic peak appeared at 0.07V arfdshand the second anodic peak current
decreased progressively on cycling and shiftedtiipesy on cycling. This can be suggested
to produce the catechol-sulfanilic acid adduct digtonucleophilic substitution reaction in

the surface of electrode (Scheme 1).

Figures 4.175-4.177 shows the cyclic voltammograshghe first 5 cycles of 2mM
resorcinol with 2mM Sulfanilic acid of GC, Au and &ectrodes respectively in buffer
solution of pH 7. The voltammogram at the scan @atevs® has two anodic peaks at 0.74V
and 1.04V and no corresponding cathodic peaks wbesidered the first scan of potential
(dot line). In the subsequent potential cyclesnsity of the anodic peak current decreased

progressively.

The effect of the cyclic voltammogram of the fikstycles of 2mM resorcinol with 2mM
sulfanilic acid of Au electrode and Pt electrodéirifer solution of pH 7 were also studied
in the same condition. In Figure 4.176 at Au elzaérthere were two anodic peaks at 0.75V
and 1.14V and two cathodic peaks at - 0.28V, 0eBpectively in the first scan of potential
(dot line). In the subsequent scan of potentialefactrode shows only one anodic peak at
0.99V (black line). But at Pt electrode there was anodic peaks at 0.76V and 1.02V and
corresponding one cathodic peak at - 0.12V in iits¢ $can of potential (dot line) (Figure
4.177). In the subsequent potential cycles no mendia peak appeared and the anodic peak

current decreased progressively on cycling.
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Figures 4.178-4.180 show the cyclic voltammogramsthe first 5 cycles of 2mM
hydroquinone with 2mM Sulfanilic acid of GC, Au aRtlelectrodes respectively in buffer
solution of pH 7. The voltammogram at the scan@até/s! has two anodic peaks at 0.36V
and 1.04V and three cathodic peaks at -0.14V, 048¥0.89V when considered the first
scan of potential (dot line) at GC electrode. Imshbsequent potential cycles no new anodic
peak appeared and intensity of the first and tluorsd anodic peak current decreased
progressively and shifted positively on cyclingelduccessive decrease in the height of the
hydroquinone oxidation and reduction peaks witHingacan be ascribed to the fact that the
concentrations of hydroquinone-sulfanilic adduetfation increased by cycling leading to
the decrease of concentration of hydroquinonp-quinone at the electrode surface. The
positive shift of the second anodic peak in thes@nee of sulfanilic acid is probably due to
the formation of a thin film of product at the sagé of the electrode, inhibiting to a certain

extent the performance of electrode process.

The effect of the cyclic voltammograms of the fisstycles of 2mM hydroquinone with
2mM sulfanilic acid of Au electrode and Pt elecead buffer solution of pH 7 were also
studied in the same condition. In Figure 4.179 atefectrode there were two anodic peaks
at 0.31V and 1.05V and three cathodic peaks &5\0.0.63V and 1.05V respectively in
the first scan of potential (dot line). In the sedpsent scan of potential Au electrode shows
no new anodic peaks (black line). But at Pt eleldrthere was two anodic peaks at 0.41V
and 1.05V and corresponding two cathodic peakd@9V and 0.89V in the first scan of
potential (dot line) (Figure 4.180). In the subsagupotential cycles no new anodic peak
appeared and the first and second anodic peakntuteereased progressively on cycling
and shifted positively on cycling. This can be ssgjgd to produce the hydroquinone-
sulfanilic acid adduct through nucleophilic suhgtdan reaction in the surface of electrode
(Scheme 1).
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Table 4.1: Peak potentiaEfy), corresponding peak potential differené), peak separatiomEi2), peak current g) and corresponding
peak current ratio g¥/l,c) of 2mM Catechol at GC electrode at different sia in pH 7 (¥ cycle)

viVst | EpalV Epc/V | AE=Epc~Epa | AE12V | lpalUA | Ipc/UA | lpd Ipc
0.05 0.43 -0.03 0.46 0.20 32.60  -15.00 2.17
0.1 0.39 0 0.38 0.20 51.13  -31.4p 1.62
0.2 0.50 -0.06 0.56 0.22 58.76  -39.73 1.47
0.3 0.51 -0.07 0.58 0.22 75.67  -43.62 1.78
0.4 0.56 -0.10 0.66 0.23 70.52  -52.24 1.3%
0.5 0.53 -0.09 0.62 0.22 77.02  -53.86 1.43

Table 4.2: Peak potentidEf;) and peak currentd)l of 2mM Resorcinol at Ge electrode at differerdrscate in pH 7 €Lcycle)

V/VS_:L Epa/V |pa/l,lA
0.05 0.82 24.28
0.1 0.77 42.13
0.2 0.91 41.33
0.3 0.97 57.19
0.4 1.02 61.89
0.5 0.81 75.58

60



Results and Discussion Chapter 1V

Table 4.3: Peak potentiaEfy), corresponding peak potential differené), peak separatiomEi2), peak current g) and corresponding
peak current ratio g¥/lpc) of 2mM Hydroquinone at GC electrode at differscan rate in pH 7 §icycle)

Table 4.4: Peak potentidEds), corresponding peak potential differenA&), peak separatiod\Ei/2), peak current Ip (LA) and corresponding
peak current ratio /lpc) of 2mM Catechol at Au electrode at differentrscate in pH 7 (£ cycle)

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE12/V | lpalpA | IpdpA | lpd Ipc
0.05 0.25 -0.08 0.33 0.08 30.60  -27.85 1.09
0.1 0.22 -0.11 0.33 0.05 4586  -37.05 1.23
0.2 0.27 -0.09 0.36 0.09 46.04  -37.60 1.2p
0.3 0.28 -0.12 0.40 0.08 62.48  -55.30 1.1p
0.4 0.31 -0.11 0.42 0.10 69.05  -62.82 1.09
0.5 0.28 -0.12 0.40 0.08 81.12  -62.17 1.30

viVst Epa1 Epaz | Epcit | Epc2 AE = AE = AE1/V Ipa1 Ipaz Ipc1 Ipc2 Ipat/ lpc1 Ipad Ipc2
AY] v N v Epc~Epa1 | Epci~Epaz /WA /UA /UA /WA
0.05 0.28 0.45 0.09 0.19 0.45 0.18 9.45 0 -292. 777 1.21 0
0.1 0.23 1.01, 0.42 0.0y 0.16 0.59 0.15 1471 5.4P2.94| -13.06 0.97 1.13
0.2 0.31 1.14, 0.41 0.0% 0.26 0.73 0.18 18/07 3.685.92| -16.10 1.12 0.62
0.3 0.32 1.17, 0.39 0.08 0.29 0.78 0.1y 20(16 5.480.98| -19.46 1.03 0.49
0.4 0.33 1.22, 0.3 0.02 0.31 0.84 0.1y 2159 1.262.83| -23.22 0.92 0.56
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Table 4.5: Peak potentiaEdy), corresponding peak potential differené), peak separatiomEi2), peak current g) and corresponding

peak current ratio g¥/lpc) of 2mM Resorcinol at Au electrode at differenascate in pH 7 ELcycle)

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE12/V | lpaluA | lpc/uA | lpd lpc
0.05 0.79 0.43 0.36 0.61 7.30 -2.44 2.99
0.1 1.02 0.37 0.65 0.69 13.12 -6.96 2.0y
0.2 0.89 0.42 0.47 0.65 14.52 -4.64 3.1
0.3 0.93 0.41 0.52 0.67 16.29 -5.53 2.94
0.4 0.97 0.40 0.57 0.68 19.44 -5.50 3.54
0.5 1.20 0.31 0.89 0.75 29.94 -13.58 2.2D

peak current ratio {¥/lpc) of 2mM Hydroquinone at Au electrode at differenan rate in pH 7 ficycle)

Table 4.6: Peak potentiaEfy), corresponding peak potential differené), peak separatiom\E12), peak current §) and corresponding

VIVS? | EpalV | EpalV | Epc2/V | AE=Epcr-Epa | AE2V | lpalPA | lpct/PA | lpcdPA | Tpd lpc2
0.05 0.15 0.48 0 0.15 0.07 8.85 -0.49 -10.34 0.85
0.1 0.22 0.45 0.01 0.21 0.11 12.10 -3.75 -16/75 20.7
0.2 0.15 0.46 0.02 0.17 0.06 17.54 -0.40 -25/04 00.7
0.3 0.15 0.46 0.02 0.17 0.06 26.51 -0.49 -33)51 907

62



Results and Discussion

Chapter 1V

Table 4.7: Peak potentiaEfy), corresponding peak potential differené), peak separatiomEi2), peak current g) and corresponding

peak current ratio @¥/l,c) of 2mM Catechol at Pt electrode at different s@e in pH 7 (1 cycle)

Table 4.8 : Peak potentidEdy), corresponding peak potential differené), peak separatiomdE12), peak current §) and corresponding

viVst | EpalV Epc/V | AE=Epc~Epa | AE1/V | lpa/uA | lpc/UA | lpd Ipc
0.05 0.05 -0.09 0.14 23.80 6.24 -9.19 0.67
0.1 0.41 -0.11 0.52 38.32 6.20 -8.09 0.76
0.2 0.20 -0.17 0.37 41.73 15.34  -16.10 0.95
0.3 0.30 -0.26 0.56 59.64 15.18  -20.17 0.75
0.4 0.40 -0.27 0.67 61.33 18.16  -23.38 0.77

peak current ratio g¥/l,c) of 2mM Resorcinol at Pt electrode at differerdarscate in pH 7 ELcycle)

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE1IV | lpalpA | lpc/pA | lpd e
0.05 0.86 -0.13 0.99 0.36 7.15 -1.62 4.41
0.1 0.89 -0.14 1.03 0.37 15.42 -3.34 4.6
0.2 1.02 -0.14 1.16 0.44 14.72 -1.67 8.81
0.3 1.01 -0.16 1.17 0.42 16.32 -2.58 6.32
0.4 1.19 -0.17 1.36 0.51 21.45 -2.54 8.44
0.5 1.20 0.31 0.89 0.50 29.96 -13.58 2.2D
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Table 4.9: Peak potentiaEfy), corresponding peak potential differené), peak separatiomEi2), peak current g) and corresponding
peak current ratio g¥/l,c) of 2mM Hydroquinone at Pt electrode at differscan rate in pH 7 ficycle)

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE12/V | lpa/pA | IpdpA | lpd Ipc
0.05 0.30 -0.06 0.36 0.12 8.38 -6.74 1.24
0.1 0.35 -0.11 0.44 0.13 15.17  -20.50 0.74
0.2 0.35 -0.10 0.45 0.12 18.42  -14.76 1.24
0.3 0.37 -0.12 0.46 0.12 20.12  -16.40 1.21
0.4 0.37 -0.12 0.49 0.12 22.17  -18.18 1.03
0.5 0.39 -0.15 0.54 0.12 21.66  -20.84 1.03

Table 4.10: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding
peak current ratio /I, of 2mM Catechol at Au electrode at different scate in pH 3 (1 cycle)

VIVst | Epar/V | Epca/V | Epc2/V | AE = Epc~Epar | AE12V | lpat/PA | lpct/HA | lpcd A | Ipad lpc2
0.05 0.49 0.68 0.26 0.46 0.37 12.29 -5.80 -473  61.2
0.1 0.57 0.57 0.16 0.41 0.36 10.72 -6.14 9.2 1.10
0.2 0.59 0.63 0.21 0.63 0.40 19.11 -11.58  -12(39 09 1.
0.3 0.59 0.59 0.17 0.69 0.38 24.69 -12.76  -12{85 231.
0.4 0.59 0.53 0.16 0.75 0.37 22.58 -11.90  -18[18 24 1.
0.5 0.64 0.52 0.11 0.78 0.37 23.95 -16.47  -10(80 49 1.
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Table 4.11: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E1/2), peak current ) and corresponding

peak current ratio g¥/lpc) of 2mM Resorcinol at Au electrode at differenascate in pH 3 ELcycle)

VIVS? | EparlV | Epa2lV | Epc/V | AE = EperEpaz | AE12V | lpat/PA | lpa2/pA | TpdpA | lpad lpct
0.05 0.94 1.30 0.59 0.71 0.94 4.68 1.98 -7.99 0.24
0.1 1.01 1.37 0.56 0.81 0.96 4.3C 2.65 -8.92 0.29
0.2 1.08 1.47 0.51 0.96 0.99 8.1 3.82 -12.838 0.30
0.3 1.13 1.59 0.44 1.15 1.01 9.84 5.55 -15.86 0.34
0.4 1.24 1.70 0.3 1.40 1.00 7.18 8.00 -23.77 0.33
0.5 1.10 1.80 0.28 1.52 1.04 6.34 8.1y -21.23 0.38

Table 4.12: Peak potentidEdy), corresponding peak potential differené), peak separatiol\E12), peak current g) and corresponding
peak current ratio {¥/lpc) of 2mM Hydroquinone at Au electrode at differenan rate in pH 3 ficycle)

v/Vst EpadV | EpadV | Epci/V | AE= Epcr~Epar | AE12/V | lpat/HA | lpa2/PA | lpc/ HA Ipat/ lpc1
0.05 0.48 0.68 0.08 0.4 0.28 7.48 0.0b -6.07 1.23
0.1 0.21 0.98 0.04 0.20 0.33 16.80 0.72 -9.11 1.88
0.2 0.56 0.81 -0.03 0.59 0.26 10.75 1.38 -7.20 1.49
0.3 0.62 0.86 -0.06 0.68 0.28 14.53 1.08 -8.23 1.76
0.4 0.64 0.9 -0.08 0.72 0.28 14.30 0.98 -8.89 1.60
0.5 0.69 0.95 -0.03 0.72 0.33 19.84 0.76 -1196 516
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Table 4.13: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding
peak current ratio {¥/l,c) of 2mM Catechol at Pt electrode at different se in pH 3 (1 cycle)

Table 4.14: Peak potentidEdy), corresponding peak potential differené), peak separatiol\E12), peak current g) and corresponding

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE12/V | lpa/pA | IpdpA | lpd Ipc
0.05 0.63 0.17 0.46 0.40 7.03 -5.80 1.21
0.1 0.67 0.14 0.53 0.40 10.73 -7.85 1.36
0.2 0.73 0.10 0.63 0.41 13.04  -11.58 1.1p
0.3 0.76 0.07 0.69 0.41 1491  -12.76 1.1p
0.4 0.80 0.05 0.75 0.42 16.27  -11.90 1.36
0.5 0.81 0.03 0.78 0.42 16.53  -16.47 1.00

peak current ratio /l,c) of 2mM Resorcinol at Pt electrode at differerdrscate in pH 3 €Lcycle)

VIVst | EpalV | Epc/V | AE=EpcEpa | AE12/V | lpalpA | IpdpA | lpd Ipc
0.05 0.97 0.09 0.88 0.53 6.53 -4.12 1.58
0.1 1.04 0.05 0.99 0.54 11.17 -6.59 1.69
0.2 1.08 0 1.08 0.54 13.34 -7.08 1.88
0.3 1.14 -0.02 1.16 0.56 16.31  -12.41 1.3
0.4 1.16 -0.07 1.23 0.54 16.08  -11.32 1.4p
0.5 1.21 -0.15 1.36 0.53 19.31 -9.95 1.94

66



Results and Discussion Chapter 1V

Table 4.15: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding
peak current ratio g¥/l,c) of 2mM Hydroquinone at Pt electrode at differscan rate in pH 3 ficycle)

viVst | EpalV Epc/V | AE = Epc~Epa | AE12/V | pa/ LA lpdUA | lpd lpc
0.05 0.67 -0.02 0.69 0.32 8.31 -3.05 2.72
0.1 0.66 0.02 0.64 0.34 13.20 -3.15 4.19
0.2 0.78 -0.14 0.92 0.32 13.90 -4.19 3.31
0.3 0.85 -0.17 1.02 0.34 15.81 -5.56 2.84
0.4 0.86 -0.21 1.07 0.32 15.47 -4.738 3.27
0.5 0.73 -0.01 0.74 0.36 21.11 -9.74 2.16

Table 4.16: Peak potentidEdy), corresponding peak potential differené), peak separatiol\E12), peak current g) and corresponding
peak current ratio /I, of 2mM Catechol at GC electrode at different sia in pH 9 (¥ cycle)

VIVS?t | EpalV | EpdV AE = AE1/V lpd WA | lTodHA | lpd Ipc
Epc~Epa

0.05 | 0.15| -0.03 0.18 0.06 30.52 -2.72 11.2p
0.1 | 0.17| -0.03 0.20 0.07 4234 -2.29 18.48
0.2 | 0.21| -0.04 0.25 0.08 65.42 -6.59 9.92
0.3 | 0.20| -0.04 0.24 0.08 60.95 -8.65 7.04
0.4 | 0.22| -0.05 0.27 0.08 73.31 -12.12 6.04
05 | 0.22| -0.05 0.27 0.08 84.27 -16.85 5.00
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Table 4.17: Peak potentidtdz) and peak currentd)l of 2mM Resorcinol at GC electrode at differerdrscate in pH 9 ¢Llcycle)

V/VS_l Epal/V |pa/uA
0.05 0.45 21.41
0.1 0.46 27.26
0.2 0.48 33.16
0.3 0.48 42.61
0.4 0.49 46.56
0.5 0.48 46.71

Table 4.18: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding
peak current ratio {/lpc) of 2mM Hydroquinone at GC electrode at differscan rate in pH 9 ficycle)

viVst | EpalV Epc/V | AE = Epe~Epa | AE12/V Ipa/MA | lpc/pA lpd Ipc
0.05 0.62 -0.33 0.70 0.14 15.2b -8.78 1.74
0.1 0.70 -0.40 0.79 0.15 18.68 -12.90 1.56
0.2 0.76 -0.46 0.77 0.15 26.31 -15.41 1.70
0.3 0.84 -0.47 0.78 0.18 29.49 -18.97 1.5
0.4 0.90 -0.53 0.86 0.18 34.1Y -19.19 1.78
0.5 0.96 -0.56 0.79 0.20 35.8Y -21.85 l.64

68



Results and Discussion Chapter 1V

Table 4.19: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E1/2), peak current ) and corresponding
peak current ratio g¥/l,c) of 2mM Catechol at GC electrode at different sia in pH 3 (¥ cycle)

VIVst | EpalV | Epc/V | AE=Epc~Epa | AE1a/V | lpalpA | IpdpA | lpd Ipc
0.05 0.61 0.11 0.50 0.36 3498  -24.44 1.43
0.1 0.84 0.06 0.78 0.45 36.69 -28.08 1.30
0.2 0.80 -0.03 0.83 0.38 55.76  -36.71 1.50
0.3 0.86 -0.07 0.93 0.39 60.54  -40.69 1.48
0.4 0.79 -0.03 0.82 0.38 80.05  -56.39 1.41
0.5 0.81 -0.03 0.84 0.39 90.18  -60.39 1.48

Table 4.20: Peak potentidEdy), corresponding peak potential differené), peak separatioml\E12), peak current g) and corresponding
peak current ratio g¥/lpc) of 2mM Catechol with 2mM Sulfanilic acid at GQetrode at different scan rate in pH 7 ¢ycle)

v/Vst Epai1 | Epaz | Epct | Epc2 | AE = | AE = | AE12/V | lpa1 Ipaz lpc1/MA | lpc2 Ipat/ lpc2 | lpad lpc1
/V /V /V /V Ech“‘Epal Epcl"‘ Epa2 /HA /U.A /HA

0.05 0.40 | 0.95| 0.78 -0.22 0.62 0.17 0.09 5872 4£3.73.78 -5.22 11.24 6.28
0.1 0.42 | 0.97| 0.79 -0.2Y 0.69 0.18 0.07 74.92 32.5618 -8.65 8.66 7.78
0.2 0.41 | 0.98| 0.76] -0.29 0.70 0.22 0.06 90.82 51.8R72 -11.80| 7.65 6.71
0.3 0.41 | 0.98| 0.78 -0.2Y 0.68 0.20 0.07 106.68.78 | -9.85 -11.63 9.11 6.98
0.4 0.42 | 0.99| 0.80] -0.26 0.68 0.19 0.08 122.86.61 | -11.04 | -9.50 12.86 7.84
0.5 0.42 | 1.00| 0.77) -0.283 0.65 0.23 0.09 134.93.63 | -9.44 10.32| -13.00 10.13
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Table 4.21: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E1/2), peak current f) and corresponding

peak current ratio /lpc) of 2mM Hydroquinone with 2mM Sulfanilic acid GC electrode at different scan rate in pH ¥ ¢jcle)

v/Vst Epa1/V Epaz/V | Epc/V | AE = Epc~Epa1 | AE12/V lpat/MA | lpadpA | [pdPA lpad/ Ipc
0.05 0.32 1.02 -0.10 0.42 0.41 33.19 12.22 -27161 201
0.1 0.37 1.08 -0.17 0.54 0.43 55.02 40.85 -33/47 641.
0.2 0.41 1.08 -0.16 0.57 0.46 60.83 52.87 -45/72 33 1.
0.3 0.45 1.13 -0.20 0.65 0.46 79.44 56.76 -50/14 581.
0.4 0.47 1.16 -0.22 0.69 0.44 92.38 72.13 -53/19 73 1.
0.5 0.50 1.17 -0.23 0.73 0.46 83.09 62.60 -63/00 311.

Table 4.22: Peak potentiaEdy), corresponding peak potential differenaBE), peak separationAEi»), peak current Ip (uA) and

corresponding peak current ratigalbc), of 2mM Catechol with 2mM Sulfanilic acid at Aleetrode at different scan rate in pH 7 ¢ycle).

V/VS_1 Epal Epa2 Epcl Epcz EpcS AE = AE = AE1/2/V |pa1 |pa2 |pcl |p02 |pc3 |paJ/ |pai
Y Y Y Y IV | Epcs~Epa1 | Epcr~Epa2 WA | IpA | WA | WA | JpA | pe3 Ipc1
0.05 0.26| 097 048 0.14 -0.13 0.39 0.49 0.06 143704 | -429| -4.14 -251 5.8( 2.1
0.1 0.27| 1.02| 046 0.10 -0.23 0.40 0.56 0.07 22.32.40| -8.38 | -6.31] -3.63 6.20 1.471
0.2 0.28| 1.01f 046 0.14 -0.27 0.45 0.5% 0.05 25.88.96| -20.16 | -9.68| -4.24 6.04 0.94
0.3 0.29| 1.07f 044 0.14 -0.16 0.45 0.63 0.06 27.2Y.28| -29.31 | -8.84| -3.59 7.66 0.93
0.4 0.29| 111 044 0.12 -0.20 0.49 0.67 0.04 31.8@.74| -37.60| -9.91| -3.50 9.00 0.87%
0.5 0.30| 1.10f 043 0.11 -0.29 0.59 0.67 0.005 30.88.19| -38.65| -6.99| -2.59 11.5¢ 0.85%
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Table 4.23: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding

peak current ratio @¥/l,c) of 2mM Catechol with 2mM Sulfanilic acid at Peetrode at different scan rate in pH 7 ¢ycle)

VIVSt | EpalV | Epc/V | AE = Epc~Epa | AE12/V lpa/MUA | lpc/MA | lpd Ipc
0.05 0.54 -0.05 0.59 0.24 12.83 -2.92 4.39
0.1 0.54 -0.05 0.59 0.24 16.09 -5.38 2.99
0.2 0.56 -0.07 0.63 0.24 21.72 -7.65 2.83
0.3 0.55 -0.07 0.62 0.24 26.19 -7.85 3.33
0.4 0.55 -0.09 0.64 0.23 26.66 -12.41 2.14
0.5 0.55 -0.10 0.65 0.22 28.56  -12.87 2.2l

Table 4.24: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding

peak current ratio g¥/lpc) of 2mM Hydroquinone with 2mM Sulfanilic acid At electrode at different scan rate in pH ¥ ¢ycle)

V/VS_:L Epal Epaz Epcl Ech AE =| AE = | AE1/V |pa1 |pa2/HA |pc1/uA |pc2/|JA |pa]/ |p02 |pai |pcl
IV N NIV Epcr~Epa1 | Epcr~Epaz A
0.05 | 0.29, 1.0 0.57 -0.0y 0.36 0.44 0.11 9.84 11,20-0.99 -8.12 1.21 11.31
0.1 0.31| 1.03 0.5% -0.10 0.41 0.48 0.10 11.6 1424-1.91 -10.92 1.06 7.45
0.2 0.33| 1.05 0.50 -0.12 0.45 0.55 0.10 15.71 16{44-2.75 -12.25 1.28 5.97
0.3 0.40| 1.060 0.51 -0.14 0.54 0.55 0.13 18.1 20{74-4.59 -18.92 0.95 4.51
04 | 043| 1.09 0.50 -0.1%5 0.58 0.59 0.14 1855  22/98-4.18 -18.86 0.98 5.49
0.5 043| 112 047 -0.1y 0.6 0.65 0.13 2085  22/83-3.26 -18.21 1.14 7.00
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Table 4.25: Peak potentidtdy), corresponding peak potential differen&), peak separatiom\E12), peak current ) and corresponding

peak current ratio g¥/lpc) of 2mM Hydroquinone with 2mM Sulfanilic acid Bt electrode at different scan rate in pH ¥ ¢gcle)

viVst Epa1/V Epaz/V | Epc/V | AE = Epc~Epa1 | AE12/V Ipat/HA | lpadPA | TpdpA lpad/ lpc
0.05 0.40 1.02 -0.10 0.50 0.15 0.0Z 7.97 -6.32 3.0
0.1 0.42 1.04 -0.14 0.56 0.14 0.05 10.10 -8.51 D0
0.2 0.47 1.09 -0.17 0.64 0.15 0.10 13.64 -11)66 08.d
0.3 0.49 1.12 -0.21 0.70 0.14 0.15 15.26 -13/33 1D.0
0.4 0.52 1.14 -0.23 0.75 0.14 0.20 18.21 -14)40 13).
0.5 0.53 1.15 -0.22 0.75 0.15 0.25 22.09 -16)23  19.

V/VS_l Epa/V | pa/uA
0.05 0.99 22.17
0.1 1.08 33.03
0.2 1.16 52.78
0.3 1.29 60.26
0.4 1.36 75.83
0.5 1.34 86.20
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Fig. 4.1: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinonein buffer solution (pH 7) of GC electrode at scan rate 0.1 V/s (1% cycle)
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Fig. 4.2: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinonein buffer solution (pH 7)) of Au electrode at scan rate 0.1 V/s (1% cycle)
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Fig. 4.3: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinone in buffer solution (pH 7 ) of Pt electrode at scan rate 0.1 V/s (1% cycle)
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Fig. 4.4: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinone in buffer solution (pH 3) of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.5: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroguinonein buffer solution (pH 3) of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.6. Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinone in buffer solution (pH 3) of Pt electrode at scan rate 0.1 V/s (1% cycle)
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Fig. 4.7. Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinone in buffer solution (pH 5) of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.8: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroquinone in buffer solution (pH 5) of Au electrode at scan rate 0.1V/s (1% cycle)

76



Results and Discussion Chapter IV

20
- Catechol
= Resorcinol
10 hydroquinone
-10
'20 I I I 1
-0.7 -0.2 0.3 0.8 1.3

E/V vs Ag/AgCl

Fig. 4.9: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Catechol and
2mM Hydroguinonein buffer solution (pH 5) of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.10: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone in buffer solution (pH 9 ) of at GC electrode at scan rate 0.1 V/s (1%
cycle)
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Fig. 4.11: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone in buffer solution (pH 9 ) of at Au electrode at scan rate 0.1 V/s (1%
cycle)
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Fig. 4.12: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinonein buffer solution (pH 9) of Pt electrode at scan rate 0.1 V/s (1% cycle)
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Fig. 4.13: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone in supporting electrolyte (1M KCI ) of GC electrode at scan rate 0.1
V/s (1% cycle)
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Fig. 4.14: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone in supporting electrolyte (1M KCIl ) of Au electrode at scan rate 0.1
V/s (1% cycle)
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Fig. 4.15: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone in supporting electrolyte (1M KCl ) of Pt electrode at scanrate 0.1V/s
(1% cycle)
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Fig. 4.16. Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Catechol of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.17: Plots of peak current (Ip) versus pH of 2mM Catechol of GC electrode at scan rate

0.1V/s (1* cycle)
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Fig. 4.18: Plots of peak potential (Ep) versus pH of 2mM Catechol of GC electrode at scan

rate 0.1V/s (1% cycle)
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Fig. 4.19: Comparison of Differentia pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Catechol of GC €electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.20: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Catechol of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.21: Plots of peak current () versus pH of 2mM Catechol of Au electrode at scan rate
0.1V/s
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Fig. 4.22: Plots of peak potential (Ep) versus pH of 2mM Catechol of Au electrode at scan
rate 0.1V/s
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Fig. 4.23: Comparison of Differentia pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Catechol of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.24: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Catechol of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.25: Plots of peak current (Ip) versus pH of 2mM Catechol of Pt electrode at scan rate
0.1V/s
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Fig. 4.26: Plots of peak potential (Ep) versus pH of 2mM Catechol of Pt electrode at scan
rate 0.1V/s
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Fig. 4.27: Comparison of Differential pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Catechol of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.28. Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Resorcinol of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.29: Plots of peak current (lp) versus pH of 2mM Resorcinol of GC electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.30: Plots of peak potentia (Ep) versus pH of 2mM Resorcinol of GC electrode at scan
rate 0.1V/s
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Fig. 4.31: Comparison of Differentia pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Resorcinol of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.32: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Resorcinol of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.33: Plots of peak current (lp) versus pH of 2mM Resorcinol of Au electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.34: Plots of peak potential (Ep) versus pH of 2mM Resorcinol of Au electrode and
scan rate 0.1V/s (1% cycle)
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Fig. 4.35: Comparison of Differentia pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Resorcinol of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.36: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Resorcinol of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.37: Plots of peak current (Ip) versus pH of 2mM Resorcinol of Pt electrode at scan

rate 0.1V/s (1% cycle)
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Fig. 4.38: Plots of peak potential (Ep) versus pH of 2mM Resorcinol of Pt electrode at scan

rate 0.1V/s (1% cycle)
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Fig. 4.39: Comparison of Differential pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Resorcinol of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.40: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Hydroquinone of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig 4.41: Plots of peak current (Ip) versus pH of 2mM Hydroquinone of GC electrode at
scan rate 0.1V/s (1% cycle)
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Fig. 4.42: Plots of peak potential (Ep) versus pH of 2mM Hydroquinone of GC electrode
and scan rate 0.1V/s (1% cycle)
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Fig. 4.43: Comparison of Differential pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Hydroquinone of GC electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.44: Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Hydroquinone of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.45: Plots of peak current (Ip) versus pH of 2mM Hydroquinone of Au e ectrode at
scan rate 0.1V/s (1% cycle)
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Fig. 4.46: Plots of peak potential (Ep) versus pH of 2mM Hydroquinone of Au electrode at
scan rate 0.1V/s (1% cycle)

95



Results and Discussion Chapter IV

=—pH 3
76 ] —pH 5
pH 7
=—pH 9
5.1 -
<
=
2.6 -
~—
0.1 : .
-0.4 0.1 0.6

E/V vs Ag/AgCl

Fig. 4.47. Comparison of Differential pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Hydroquinone of Au electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.48. Comparison of Cyclic voltammogram of different pH (3, 5, 7 & 9) of 2mM
Hydroquinone of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.49: Plots of peak current (Ip) versus pH of 2mM Hydroquinone of Pt electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.50: Plots of peak potentia (Ep) versus pH of 2mM Hydroquinone of Pt electrode at
scan rate 0.1V/s
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Fig. 4.51: Comparison of Differential pulse voltammogram of different pH (3, 5, 7 & 9) of
2mM Hydroquinone of Pt electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.52: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 3) of GC electrode
at different scan rate (1% cycle)
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Fig. 4.53: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 5) of GC electrode
at different scan rate (1% cycle)
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Fig. 4.54: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 7) of GC electrode
at different scan rate (1% cycle)
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Fig. 4.55: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 9) of Gc electrode
at different scan rate (1% cycle)
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Fig. 4.56: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 3) of GC €electrode (1% cycle)
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Fig. 4.57: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 5) of GC €electrode (1% cycle)
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Fig. 4.58: Plots of peak current (Ip) versus square root of scan rate of 2mM Catechol in
buffer solution (pH 7) of GC electrode (1% cycle)
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Fig. 4.59: Plots of peak current (lp) versus Square root of scan rate of 2mM Catechol in
buffer solution (pH 9) of GC electrode (1% cycle)
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Fig. 4.60: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 3) of Au electrode
at different scan rate (1% cycle)
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Fig. 4.61: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 5) of Au electrode
at different scan rate (1% cycle)
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Fig. 4.62: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 7) of Au electrode
at different scan rate (1% cycle)
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Fig. 4.63: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 9) of Au electrode
at different scan rate (1% cycle)
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Fig. 4.64: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 3) of Au eectrode (1 cycle)

104



Results and Discussion Chapter IV

30
S
15 1 . O
O
0 ]
<
3
=
_15 |
_30 |
ACl1 oOC2
-45 : ‘ .
0.2 0.35 05 0.65

Vl/2/V1/ZS-l/2

Fig. 4.65: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 5) of Au eectrode (1 cycle)
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Fig. 4.66: Plots of peak current (lp) versus square root of scan rate (v¥?) of 2mM Catechol
in buffer solution (pH 7) of Au eectrode (1 cycle)
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Fig. 4.67: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 9) of Au eectrode (1% cycle)
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Fig. 4.68: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 3) of Pt electrode
at different scan rate (1% cycle)
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Fig. 4.69: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 5) of Pt electrode
at different scan rate (1% cycle)
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Fig. 4.70: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 7) of Pt electrode
at different scan rate (1% cycle)
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Fig. 4.71: Cyclic voltammogram of 2mM Catechol in buffer solution (pH 9) of Pt electrode
at different scan rate (1% cycle)
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Fig. 4.72: Plots of peak current (lp) versus square root of scan rate (v¥?) of 2mM Catechol
in buffer solution (pH 3) of Pt electrode (1% cycle)
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Fig. 4.73: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 5) of Pt electrode (1% cycle)
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Fig. 4.74: Plots of peak current (lp) versus square root of scan rate (v¥?) of 2mM Catechol
in buffer solution (pH 7) of Pt electrode (1% cycle)
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Fig. 4.75: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Catechol
in buffer solution (pH 9) of Pt electrode (1% cycle)
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Fig. 4.76: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 3) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.77: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 5) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.78: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 7) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.79: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 9) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.80: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 3) of GC €electrode (1% cycle)
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Fig. 4.81: Plots of peak current (Ip) versus square root of scan rate (vV?) of 2mM Resorcinol
in buffer solution (pH 5) of GC €electrode (1% cycle)
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Fig. 4.82: Plots of peak current (Ip) versus square root of scan rate (vV?) of 2mM Resorcinol
in buffer solution (pH 7) of GC €electrode (1% cycle)
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Fig. 4.83: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 9) of GC €electrode (1% cycle)
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Fig. 4.84: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 3) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.85: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 5) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.86: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 7) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.87: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 9) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.88: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 3) of Au eectrode (1 cycle)
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Fig. 4.89: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 5) of Au eectrode (1 cycle)
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Fig. 4.90: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 7) of Au eectrode (1% cycle)
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Fig. 4.91: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 9) of Au eectrode (1% cycle)
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Fig. 4.92: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 3) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.93: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 5) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.94: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 7) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.95: Cyclic voltammogram of 2mM Resorcinol in buffer solution (pH 9) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.96: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 3) of Pt electrode (1% cycle)
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Fig. 4.97: Plots of peak current (Ip) versus square root of scan rate (vV?) of 2mM Resorcinol
in buffer solution (pH 5) of Pt electrode (1% cycle)
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Fig. 4.98: Plots of peak current (Ip) versus square root of scan rate (vV?) of 2mM Resorcinol
in buffer solution (pH 7) of Pt electrode (1% cycle)
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Fig. 4.99: Plots of peak current (Ip) versus square root of scan rate (v?) of 2mM Resorcinol
in buffer solution (pH 9) of Pt electrode (1% cycle)
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Fig. 4.100: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 3) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.101: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 5) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.102: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 7) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.103: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 9) of GC
electrode at different scan rate (1% cycle)
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Fig. 4.104: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 3) of GC electrode (1% cycle)
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Fig. 4.105: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 5) of GC electrode (1% cycle)
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Fig. 4.106: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 7) of GC electrode (1% cycle)
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Fig. 4.107: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 9) of GC electrode (1% cycle)
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Fig. 4.108: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 3) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.109: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 5) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.110: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 7) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.111: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 9) of Au
electrode at different scan rate (1% cycle)
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Fig. 4.112: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 3) of Au electrode (1% cycle)
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Fig. 4.113: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 5) of Au electrode (1% cycle)
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Fig. 4.114: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 7) of Au electrode (1% cycle)
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Fig. 4.115: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 9) of Au electrode (1% cycle)
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Fig. 4.116: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 3) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.117: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 5) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.118: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 7) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.119: Cyclic voltammogram of 2mM Hydroquinone in buffer solution (pH 9) of Pt
electrode at different scan rate (1% cycle)
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Fig. 4.120: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 3) of Pt electrode (1% cycle)

132



Results and Discussion Chapter IV

30
CAl1 OC1
&
&
15 O
<C S
3
=
O ]
[
O = =
—L
'15 I 1 1
0.15 0.35 0.55 0.75

Vl/2/V1/ZS-l/2

Fig. 4.121: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 5) of Pt electrode (1% cycle)
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Fig. 4.122: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 7) of Pt electrode (1% cycle)
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Fig. 4.123: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone in buffer solution (pH 9) of Pt electrode (1% cycle)
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Fig. 4.124: Comparison of Cyclic voltammogram of 2mM Catechol of GC electrode
(3.0mm), Au electrode (1.6mm) and Pt electrode (1.6mm) in buffer solution pH 7 at scan
rate 0.1V/s (1% cycle)
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Fig. 4.125. Comparison of Cyclic voltammogram of 2mM Resorcinol of GC electrode
(3.0mm), Au electrode (1.6mm) and Pt electrode (1.6mm) in buffer solution pH 7 at scan
rate 0.1V/s (1% cycle)
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Fig. 4.126: Comparison of Cyclic voltammogram of 2mM Hydroquinone of GC electrode
(3.0mm), Au €electrode (1.6mm) and Pt electrode (1.6mm) in buffer solution pH 7 at scan
rate 0.1V/s (1% cycle)
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Fig. 4.127: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid
and 2mM Catechol + 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.128: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid
and 2mM Catechol + 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode at
scan rate 0.1V/s (2" cycle)
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Fig. 4.129: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid
and 2mM Resorcinol + 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode at
scan rate 0.1V/s (1% cycle)
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Fig. 4.130: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid
and 2mM Resorcinol + 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode at
scan rate 0.1V/s (2" cycle)
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Fig. 4.131: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone + 2mM Sulfanilic acid in buffer solution (pH 7) of GC
electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.132: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone + 2mM Sulfanilic acid in buffer solution (pH 7) of GC
electrode at scan rate 0.1V/s (2" cycle)
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Fig. 4.133: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode at
scan rate 0.1V/s (2" cycle)
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Fig. 4.134: Comparison of differential pulse voltammogram of 2mM Catechol, 2mM
Resorcinol and 2mM Hydroguinone with 2mM Sulfanilic acid in buffer solution (pH 7) of
GC electrode at scan rate 0.1V/s (2" cycle)
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Fig. 4.135: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid
and 2mM Catechol with Sulfanilic acid in buffer solution (pH 7) of Au electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.136: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid
and 2mM Catechol with Sulfanilic acid in buffer solution (pH 7) of Au electrode at scan
rate 0.1V/s (2" cycle)
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Fig. 4.137: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid
and 2mM Resorcinol with Sulfanilic acid in buffer solution (pH 7) of Au electrode at scan
rate 0.1V/s (1% cycle)
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Fig. 4.138: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid
and 2mM Resorcinol with Sulfanilic acid in buffer solution (pH 7) of Au electrode at scan
rate 0.1V/s (2" cycle)
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Fig. 4.139: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone with Sulfanilic acid in buffer solution (pH 7) of Au electrode
at scan rate 0.1V/s (1% cycle)
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Fig. 4.140: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone with Sulfanilic acid in buffer solution (pH 7) of Au electrode
at scan rate 0.1V/s (2™ cycle)
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Fig. 4.141: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroquinone with Sulfanilic acid in buffer solution (pH 7) of Au electrode at scan
rate 0.1V/s (2" cycle)
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Fig. 4.142: Comparison of differential pulse voltammogram of 2mM Catechol, 2mM
Resorcinol and 2mM Hydroguinone with 2mM Sulfanilic acid in buffer solution (pH 7) of
Au electrode at scan rate 0.1V/s (2" cycle)
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Fig. 4.143. Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid
and 2mM Catechol with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode at
scan rate 0.1V/s (1% cycle)
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Fig. 4.144: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Sulfanilic acid

and 2mM Catechol with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode at
scan rate 0.1V/s (2" cycle)
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Fig. 4.145: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid
and 2mM Resorcinol with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode at
scan rate 0.1V/s (1% cycle)
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Fig. 4.146: Comparison of cyclic voltammogram of 2mM Resorcinol, 2mM Sulfanilic acid

and 2mM Resorcinol with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode at
scan rate 0.1V/s (2" cycle)
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Fig. 4.147: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt
electrode at scan rate 0.1V/s (1% cycle)
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Fig. 4.148: Comparison of cyclic voltammogram of 2mM Hydroquinone, 2mM Sulfanilic
acid and 2mM Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt
electrode at scan rate 0.1V/s (2" cycle)
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Fig. 4.149: Comparison of cyclic voltammogram of 2mM Catechol, 2mM Resorcinol and
2mM Hydroguinone with Sulfanilic acid in buffer solution (pH 7) of Pt electrode at scan
rate 0.1V/s (2" cycle)
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Fig. 4.150: Differential pulse voltammogram of 2mM Catechol, 2mM Resorcinol and 2mM

Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode at scan
rate 0.1V/s (2" cycle)
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Fig. 4.151: Cyclic voltammogram of 2mM Catechol with 2mM Sulfanilic acid in buffer
solution (pH 7) of GC electrode at different scan rate (2" cycle)
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Fig. 4.152: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in buffer
solution (pH 7) of GC electrode at different scan rate (2" cycle)
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Fig. 4.153: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
buffer solution (pH 7) of GC electrode at different scan rate (2™ cycle)
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Fig. 4.154: Plots of peak current (lp) versus square root of scan rate (v'2) of 2mM Catechol
with 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode (2™ cycle)
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Fig. 4.155: Plots of peak current (Ip) versus square root of scan rate (v'?) of 2mM Resorcinol
with 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode (2" cycle)
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Fig. 4.156: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of GC electrode (2™
cycle)
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Fig. 4.157: Cyclic voltammogram of 2mM Catechol with 2mM Sulfanilic acid in buffer
solution (pH 7) of Au electrode at different scan rate (2" cycle)
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Fig. 4.158: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in buffer
solution (pH 7) of Au electrode at different scan rate (2" cycle)
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Fig. 4.159: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
buffer solution (pH 7) of Au electrode at different scan rate (2" cycle)
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Fig. 4.160: Plots of peak current (lp) versus square root of scan rate (v?) of 2mM Catechol
with 2mM Sulfanilic acid in buffer solution (pH 7) of Au electrode (2™ cycle)
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Fig. 4.161: Plots of peak current (1) versus square root of scan rate (vV?) of 2mM Resorcinol
with 2mM Sulfanilic acid in buffer solution (pH 7) of Au electrode (2" cycle)
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Fig. 4.162: Plots of peak current (Ip) versus square root of scan rate (v¥?) of 2mM
Hydroquinonewith 2mM Sulfanilic acid in buffer solution (pH 7) of Au electrode (2™ cycle)
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Fig. 4.163: Cyclic voltammogram of 2mM catechol with 2mM Sulfanilic acid in buffer
solution (pH 7) of Pt electrode at different scan rate (2™ cycle)

140 | [ —o0.5V/s

—().1V/s

100 0.2v/s

0.3V/s

—0.4V/s

<§_60 1| —o0.05vis
20 -
-20 -

'60 1 1 I I 1
-0.8 -0.3 2 1.7

0.2 0.7 1
E/V vs Ag/AgCl

Fig. 4.164: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in buffer
solution (pH 7) of Pt electrode at different scan rate (2™ cycle)
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Fig. 4.165: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
buffer solution (pH 7) of Pt electrode at different scan rate (2" cycle)
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Fig. 4.166: Plots of peak current (lp) versus square root of scan rate (v?) of 2mM Catechol
with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode (2™ cycle)
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Fig. 4.167: Plots of peak current (1) versus square root of scan rate (v?) of 2mM Resorcinol
with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode (2" cycle)
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Fig. 4.168: Plots of peak current (I,) versus square root of scan rate (v¥?) of 2mM
Hydroquinone with 2mM Sulfanilic acid in buffer solution (pH 7) of Pt electrode (2" cycle)
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Fig. 4.169: Comparison of Cyclic voltammogram of 2mM Catechol with 2mM Sulfanilic
acid of GC electrode (3.0mm), Au electrode (1.6mm) and Pt electrode (1.6mm) in buffer
solution pH 7 at scan rate 0.1V/s (2™ cycle)
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Fig. 4.170: Comparison of Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic
acid of GC electrode (3.0mm), Au electrode (1.6mm) and Pt electrode (1.6mm) in buffer
solution pH 7 at scan rate 0.1V/s (2" cycle)
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Fig. 4.171. Comparison of Cyclic voltammogram of 2mM Hydroquinone with 2mM
Sulfanilic acid of GC electrode (3.0mm), Au electrode (1.6mm) and Pt electrode (1.6mm)
in buffer solution pH 7 at scan rate 0.1V/s (2" cycle)
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Fig: 4.172: Cyclic voltammogram of 2mM catechol with 2mM Sulfanilic acid in presence
of buffer solution pH 7 (phosphate buffer) GC electrode at scan rate 0.1V/s (5 cycles)
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Fig: 4.173: Cyclic voltammogram of 2mM catechol with 2mM Sulfanilic acid in presence
of buffer solution pH 7 (phosphate buffer) Au electrode at scan rate 0.1V/s (5 cycles)
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Fig: 4.174: Cyclic voltammogram of 2mM catechol with 2mM Sulfanilic acid in presence

of buffer solution pH 7 (phosphate buffer) Pt electrode at scan rate 0.1V/s (5 cycles)
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Fig: 4.175: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in

presence of buffer solution pH 7 (phosphate buffer) GC electrode at scan rate 0.1V/s (5
cycles)
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Fig: 4.176: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in
presence of buffer solution pH 7 (phosphate buffer) Au electrode at scan rate 0.1V/s (5
cycles)
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Fig: 4.177: Cyclic voltammogram of 2mM Resorcinol with 2mM Sulfanilic acid in

presence of buffer solution pH 7 (phosphate buffer) Pt electrode at scan rate 0.1V/s (5
cycles)
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Fig: 4.178: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
presence of buffer solution pH 7 (phosphate buffer) GC electrode at scan rate 0.1V/s (5
cycles)
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Fig: 4.179: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
presence of buffer solution pH 7 (phosphate buffer) Au electrode at scan rate 0.1V/s (5
cycles)
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Fig: 4.180: Cyclic voltammogram of 2mM Hydroquinone with 2mM Sulfanilic acid in
presence of buffer solution pH 7 (phosphate buffer) Pt electrode at scan rate 0.1V/s (5
cycles)
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Conclusion

The redox interaction of the isomers of dihydrosybene have been studied by using
cyclic voltammetry (CV) and differential pulse vathmetry (DPV) technique. The study
has been carried out at different electrodes ifemint pH, KCl media, at various scan
rates and various concentrations.

Both catechol and hydroquinone provided two anad two cathodic peaks in KCI
media. But catechol and hydroquinone show oneqfaiedox peaks in buffer solution of
pH 7 at GC and Pt electrode. At Au electrode, daikand hydroquinone show two pairs
of redox peaks at different pH. Resorcinol showsveersible anodic peak at GC electrode
but it shows quasi-reversible voltammogram in Ril &u electrodes in all electrolytic
media. The interaction energy of hydroquinone, daékand resorcinol in KCI media are
38.60J, 37.63J and 0.0J respectively. This resggests that the redox interactions of
hydroquinone and catechol are higher in KClI met@ntacetate and phosphate buffer
solution. Also the redox interactions of hydroquiroand catechol are higher in Au
electrode than the Gc and Pt electrodes. This @lggests that the redox interaction of
hydroquinone is higher than catechol and catechdligher than resorcinolhe redox
interactions of the dihydroxybenzene isomers ardiangependent.

For all the systems, the peak current ratios haesn found to be greater than unity. The
electrode reaction of dihydroxybenzene isomersrasgnce of Sulfanilic acid has been
studied by cyclic voltammetry and differential plsvoltammetry. Voltammetric
appearance reflected that sulfanilic acid has beemed adduct with catechol and
hydroquinone. But no reaction has been occurredidsst sulfanilic acid and resorcinol.
This result suggest that redox interaction at f@ara ortho-position is higher than meta-
position which is consistent with the common seonferganic chemistry concept- a

substation reaction at a meta-position is unfavertbthat at a para or ortho —position.
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